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ABSTRACT/EXECUTIVE SUMMARY

Treatability studies to remove Pu and Am from contaminated soils in Operable Urut 2 of
the 903 Pad Area at the Rocky Flats Plant are bemng conducted The soil in Area 2 was
contaminated as a result of drums that were stored in that area which leaked The
remediation technology under development for the removal of actinides from
contaminated soils uses a leaching scheme (involving redox and complexing agents) to
chemically enhance the steam stripping process This report focuses on Phase I of the
development effort which consists of selecting leaching schemes capable of removing Pu
and Am from soils at the temperatures expected during the steam stripping process The
selected leachung schemes would then be tested in conjunction with steam stripping to

remove achinides from Rocky Flats soils at the bench scale .

The techruques used in Phase I of this report to select the most promusing. leachung schemes
consisted of batch desorption experiments and column stutlies Batch desorpt1on
experiments consisted of equilibrating contamunated soil with a leaching solution

separating the phases and determiming the amount of Am and Pu 1n each phase These
batch desorption experiments were performed at 20 and 80 C Column experiments were
used to corroborate the findings of the batch experiments after one of the most promising

leaching schemes was selected

Using complexants alone at 20 C over 60% of the americium and 50% of the plutoruum n
the so1l can be removed Combining complexants with a reducing or oxidizing agent yields
the best results More than 70% of the americtum and 70% of the plutonium in Rocky Flats
soils can be removed at 20 C by using a complexant and a reducing agent At 20°C the
largest amounts of Am were removed (between 70 80%) with those leaching schemes in
which dithiorute was used i a pH range of 54 7 4 with the following complexants citric
accd NTA EGTA DTPA EDTA At 20 C the largest Pu removal (1e 75%) was
accomplished with NTA / dithiorute at a pH of ~5 5
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For approximately 40% of the leachung schemes the removal of Am from Rocky Flats soils
was found to increase with increasing temperature For approximately 60% of the leaching
schemes there was no practical difference in the removal of Am with increasing
temperature (1e +10% difference) In only two leaching schemes (NazCitrate / 3% H20»
and NTA / 3 33 eq NaOH / Na5;0g) was there a decrease in percent Am removal with
increasing temperature The same trends were observed for Pu with the exception of the
following two leaching schemes (Na2EDTA /1 eq NaOH / 3% H03 and DTPA / 345 eq
NaOH / 3% H2032) in which the percent Pu removal decreased with an increase n

temperature

- ¥ S-S - e Fooachy P



e

EG&G Rocky Flats Inc RFETS Document No RF/ER 94 0027 UN

CHEMICALLY ENHANCED STEAM STRIPPING OF Document Revision 0
RADIONUCLIDES FROM RFETS SOILS Page 5 of 30
PHASE I INTERIM TREATABILITY STUDY REPORT Effective Date 1/24/95

At 80°C 1t 1s possible to remove over 70% of the Am 1n the soil and 60% of the Pu in the
soul without the uhlhization of a redox agent The use of complexants with redox agents at
80 C removed over 80% of the Am 1n the soil and over 70% of the Pu from the soil At
80 C the largest amounts of Am were removed (between 80 90%) with those leaching
schemes in which dithionute was used mn a pH range of 54 74 with the following
complexants NTA EGTA DTPA EDTA At80 C the largest Puremoval 1e 78%) was
accomplished with NTA / dithiorute at a pH of ~55

Column experiunents indicated that over 70% of the alpha activity could be removed from
soil columns at 20 and 75 C by using sodium citrate in conjunction with a reducing agent

such as ascorbic acid or dithiorute These results corroborate those found with the batch

desorption experiments
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10 INTRODUCTION

11  Site History
The particular focus of this study 1s Operational Unit 2 903 Pad area which potentially
contains plutonium americium and organic solvents Experiments were performed on
soils which were collected from the 903 Pad by Rocky Flats personnel The 903 Pad Area
encompassing the origmal 903 Drum Storage Site was used from October 1958 to January

1967 for storage of radioactive contaminated o1l drums whose contents were described by

Calkins (1970)

Most of the drums transferred to the field were nommal 55 gallon drums but a sigruficant
number were 30 gallon drums Not all were completely full Approximately three fourths
of the drums were plutonium contaminated whale most of the bala‘nce contamned uranum
Of those contamning plutonium most were lathe coolant consisting of a straight chamn
hydrocarbon mineral oil and carbon tetrachlonde mn-varymng proportiohs Other hquids# ,
were mnvolved however mncluding hydraulic o1ls vacuum pump o1l trichloroethylene
perchloroethylene silicone oils In 1959 or possibly earher ethanolamine was added to the

o1l to reduce the corrosion rate of the steel drums

An estimated 5 000 gallons of hquud (Freiberg 1970) containing 86 g (5 3 C1) of plutonuium
leaked 1nto the so1l Site grading in preparation for applying an asphalt cap over the area
included moving shghtly contaminated soil A total of 33 drums of radioactive
contaminated rocks were removed and two courses of clean fill material were placed over
the site The asphalt covering was applied about two months later (Freiberg 1970) The
cover 1s approximately 8 centimeters (cm) thick and underlain by approximately 15 cm of

loose gravel and 8 cm of fill dirt
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12  Technology Introduction
Thus work evaluates the use of thermally enhanced aqueous extraction processing of soils
for the removal of radionuclides The concept combines the technologies of redox
chelation and steam processing to meet the challenge of decontaminating 903 Pad area
soils In phase I of this study emphasis was given to designing leaching schemes capable
of removing Pu and Am from Rocky Flats soils The leaching schemes designed will be
used to chemucally enhance the steam stripping process for the mobilization and removal
of radionuchde from contaminated soils This effort 1s part of the treatability studies for
actimide-contaminated soils in OU2 s 903 Pad area but has potential apphcability to other

radionuclide contaminated sites at the Rocky Flats Plant

Actinides (such as Pu Am and U) tend to have a strong affinity for the mmerals in most
soils (Thomas 1987 and Triay et al 1991) The mechanisms that normally dominate

radionuclide sorption are surface complexation (Combes et al 1992) and 1on exchange, ,

(Triay and Rundberg 1989 and 1987) Since the radioactive metals are Lewis acids (1 e
acquire electrons to reach an inert state) complexants that act as Lewis bases (1e have
electron pairs that can be shared with the metal) can be utilized to leach Pu and Am from

contaminated soils

The effectiveness of complexants to remove plutoruum and americium from soils depends
on the chemical form of these metals in the contaminated area Pimpl and Schucttelkopf
(1991) report that Pu Am and Cm 1n soil columns contaminated with 5 mCi of each
actinide near the surface were mobilized and migrated with an irrigation solution
containing 0 1M DTPA After elution of the irrigation solution less than 3 pCi/g of activity
was found in the soil Lee and Marsh (1992) have reported that a significant amount of

uranium can be extracted from Fernald soils uhlizing citric acid and carbonate

E R e 2 e eae W . e eer N

b



Sarirnrnnd

e

EG&G Rocky Flats Inc RFETS Document No RF/ER 94 0027 UN

CHEMICALLY ENHANCED STEAM STRIPPING OF Document Revision 0O
RADIONUCLIDES FROM RFETS SOILS Page 8 of 30
PHASE I INTERIM TREATABILITY STUDY REPORT Effective Date 1/24/95

20 CONCLUSIONS AND RECOMMENDATIONS
2 1 Conclusions

The results of the experiments performed indicated that using complexants alone at20 C
over 60% of the americtum and 50% of the plutonium 1in the soil can be removed
Combining complexants with a reducing or oxidizing agent yields the best results More
than 70 /4 of the americium and 70¥ of the plutonium in Rocky Flats soils can be removed
at 20 C by using a complexant and a reducing agent At 20 C the largest amounts of Am
were removed (between 70 80%) with those leachung schemes in which dithionite was used
i a pH range of 54 7 4 with the following complexants citric accd NTA EGTA DTPA
EDTA At 20 C the largest Pu removal (1e 75%) was accomplished with NTA /
dithiorute at a pH of ~55

For approximately 40% of the leaching schemes the removal of Am# from Rocky Flats soils

was found to increase with increasing temperature For approxunately 60% of the leaching

-

schemes there was no practical difference in the removal bf Am w1th Increasing
temperature (1e *10% difference) In only two leaching schemes (NasCitrate / 3 6 H2O2
and NTA / 3 33 eq NaOH / Na520g) was there a decrease in percent Am removal with
increasing temperature The same trends were observed for Pu with the exception of the
following two leaching schemes (Na2EDTA/1 eq NaOH / 3% HO3 and DTPA / 345 eq
NaOH / 3% H202) n which the percent Pu removal decreased with an increase mn

temperature

At 80°C 1t 1s possible to remove over 707 of the Am 1n the soil and 60% of the Pu 1n the
soil without the utilization of a redox agent The use of complexants with redox agents at
80 C removed over 80% of the Am 1n the soil and over 70% of the Pu from the soil At
80 C the largest amounts of Am were removed (between 80 90%) with those leaching
schemes in which dithionite was used in a pH range of 54 74 with the following
complexants NTA EGTA DTPA EDTA At80 C the largest Puremoval (1e 78 /%) was
accomplished with NTA / dithionite at a pH of ~5 5
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The matrix that was tested in Phase II of this study consisted of citric acid and a reducing
agent as a function of temperature Prelimunary column experiments indicated that over
70% of the alpha activity could be removed from soil columns at 20 and 75 C by using
sodium citrate i conjunction with a reducing agent such as ascorbic acid or dithionite

These results corroborate those found with the batch desorption experiments

2 2 Recommendations
The results obtained from Phase I of this study allow the selechon of the optimal leaching
schemes to chemically enhance the steam mjection process for the removal of Pu and Am
from Rocky Flats soils The optimal pH range for the citrate/dithionite leaching scheme
for the removal of Pu and Am seems to be 5to 6 Increase in temperature seems to enhance
the removal of Pu and Am from soils using citric acid in the absence of a redox agent
Testing of a leaching scheme (involving aitrate and a reducing ageht) has occurred using
column experiments and results suggested the rex.ngval of radionuchdes from soils .
basically stayed constant as the temperature mcreased 1n the cases where leaching schemes

mvolved a complexing and a redox agent In Phase II of thus study the actual removal of

?

Am and Pu from the soils using column experiments and a leaching scheme involving citric

acid and a reducing agent should be measured with better analyhcal equipment

Results from batch desorptions (phase I) and column experiments (phase II) suggest that in
combination with a redox agent ctrate 1s a suitable complexing agent to remove Pu and
Am from Rocky Flats soill Removal rates for the better leaching schemes do not
significantly increase with an increase in temperature and suggest that high temperatures

may not be necessary during phase II of the chemucally enhanced remed:ation technology

development
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30 TREATABILITY STUDY APPROACH

31  Test Objectives and Rationale
Testing will be conducted in three phases (1) selecting promising chelator redox systems to
chemically enhance the steam stripping process (using fast turnaround lab scale
extraction tests) (2) further refining the list of chemical enhancers to the more promising
chelator redox agent systems using bench scale soil column washing tests and (3)
optimizing the most promising chelator redox systems using bench scale soil column

washing tests The objectives of the three-phase study are

(1) To select approprate chelating redox agent systems and to define test matrix

and work plan for bench scale tests

(2) To perform bench scale tests to evaluate plutoruum and amerncium mobihzation

p)
and removal efficiency using suitable chelating agents and redox conditions

- t ¢
(3) To perform bench scale tests to optimize plzt’ltomum and amtericium removal  /

using suitable conditions that mimimize chemical loading and modification of soils

This report will focus on the results of Phase I of this study intended to select the
appropriate chelating redox agent systems to chemically enhance the steam stripping
process for the mobilization and efficient removal of plutoruum and americium from Rocky

Flats soils

32 Treatment Technology Description
321 Treatment technology
So1l decontamination and washing evaluations have been conducted at RFETS since the
early 1970s and results have appeared in reports 1n the internal and external hiterature R
L Olsen et al (1980) described the decontamination of the 903 Pad area following cleanup
of the leaking drums i 1968 They reported that radiological contamination of 2000
300 000 dpm/100 cm? had penetrated the 903 Pad soils to a depth of 20 cm
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Hicks and Blakeslee (1981) summarized a decade of soil characterization and bench scale

attrihion scrubbing studies performed at RFETS on RFETS 903 Pad Area soils Plutomium mn
these soils occurs in both particulate (0 2 mm mean diameter associated with so1l partcles)
and dissolved (or perhaps colloidal) forms Wet screemung and radiometric characterization
of the soils showed that the majonty of plutoruum (and americium) was associated with
soils less than 2 4 mm 1n particle size Attrition scrubbing of soils with hot (80 C) distilled
water or aqueous solutions of chemical agents (eg H:0: Na:COs NaClO Na:5i0s)

chelators (e g oxalic acid citric acid) detergents (e g Oakite NST) and surfactants (e g

sodium dioctyl sulfosuccinate) showed varying decontaminating effectiveness Oxalic acid
(0 IM) sodium hexametaphosphate (10%) and 10% detergent solutions were among the
more effective decontaminating systems for the 2 4-4 0 mm soil fraction removing 95 98%
of the Pu and Am However residual contamination levels still exceeded 60 dpm/g (27

pCi/g) following the scrubbing process 4

Hicks and Blakeslee (1981) also reported soil washing fests on seils from five DOE sites
including RFETS Three aqueous solutions (1) an aqueous pH 125 (2) 2% HNOs 02% HF
2 /o pmne o1l and 5% hexametaphosphate (3) 2 N HCl were evaluated for decontaminating
RFETS Hanford Mound INEL and LANL soils Varnability in the effectiveness of the
three phase scrubbing process was noted for soils from the different DOE sites

Effectiveness of the solutions also vaned with the soil size fraction tested

Pettis and Kallas (1988) conducted bench scale testing and reported that simple room

temperature wet screening of 903 Pad soils was capable of decontaminating the size
fraction greater than 4 mm (approximately 60 wt% of the total) to <5 dpm/g (2 3 pCi/g) Pu
and Am The size fraction greater than 2 4 mm (approximately 65 wt% of the total) was
decontaminated to less than 12 dpm/g (55 pCi1/g) Puand 6 dpm/g (2 7 pC1/g) Am by wet
attntion scrubbmng The remainung (soul fraction less than 2 4 mm) was treated by attrition
scrubbing ultrasonic scrubbing oxidation calcination deshiming flotation and heavy

hiquud density separation Although somewhat guarded because of results for selected size

fractions they concluded that attrition or vibratory scrubbing and either mineral g or acid

i R R -
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leaching of this fraction would be effective for a decontamination goal of <30 dpm/g (14
pCi/g)

Steam Strlppmg

Of the various remediation approaches noted above under the thermal category of
remediation technologies one mnovative technology 1s dynamic underground stripping—
which 1s an adaptation of steam mjection and electrical heating Steam injection accelerates
removal of the NAPL contaminants and 1s combined with vacuum extraction to perform
accelerated removal of volatile contaminants such as underground hydrocarbon spills

electrical heating accelerates the process Steam injection technology has been
demonstrated for remediating NAPLs and VOCs 1n subsurface soils and clay layers Aines
and Newmark (1992) and Buettner et al (1992) have successfully tested this technology mn
combination with electrical heating on a bench scale and small fiefd scale for the removal
of NAPLs/VOCs i souls or clay layers EPA s Vendor Information Service for Innovative |
Treatment Technologies (VISITT) reports that steam stripping technology 1s being

commercialized by Praxis Environmental Services (San Francisco CA) (Stewart 1992)

Redox Chemustry

Mobilization of contaminants can be obtamned as a result of physical or chemical action
Chemucally mnduced mobilization occurs either by chemical action on the contaminant
directly (e g plutoruum) or its support substrate (1e soil) In the case of plutonium
contaminated soils the mobilization of soil bound species depends to a large extent on the

physical and chemical properties of both the plutonium and the soil
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Plutorium generally exists in multiple oxidation states III IV V and VI and 1n the natural
environment (associated with soils) plutorium 1s normally found in either the IV state or
to a lesser extent the VIstate The oxidation state of the plutonium 1s a determinung factor
in 1ts solubility — II V and VI states being more soluble than the IV state whereas
americtum normally occurs only 1n the III state Redox (or chemical reduchon/oxidation)
behavior of plutonium features highly in 1ts propensity for dissolution and modification of
1ts oxidation state 1s an important tool in changing solubility Cleveland (1971) has
described conditions for both reduction and oxidation of Pu(IV) using a vanety of chemical
reagents We evaluated simple reducing and oxidizing agents and conditions to accelerate

dissolution/mobilization of the plutorium

Chelation Chemustry
¥ |

Mobilization of metallic contaminants 1s greatly enhanced by formation of strong

attachments with chermical binding agents via chelationi *Chelation chemustry and chelators ¥

(or chelates) are often used 1n association with metals to accelerate dissolution and/or
stabilize/maintain solubihity by diminishing the tendency to readsorb or precipitate Once
dissolved the soluble species (in this case radionuchide-chelator complexes) are stabilized
by their association with the chelate which in turn enhances their continued mobility A
variety of complexing or chelating agents mncluding EDTA are commonly used for this
purpose Chelating agents can also enhance dissolution by tightly binding the radionuchde

and preventing readsorption or precipitation
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hemacal anced Steam 1n

The remediation technology under development combines steam injection redox and
chelation for the leaching/washing of radionuchdes from soils Steam mnjection/extraction
technology enhanced by redox and chelation chemistry were used to mobilize and flush
away radionuchdes contaminating RFETS soi1ls Conceptually the process 1s very similar
in design to steam mjection systems mvolving mnjection and downgradient extraction wells
but with novel modifications to the imnjection system to provide chemucal addition upstream

of the so1l washing regime

The technology 1s refined to mirumize chemucal mjection with the goal of conducting i situ
evaluation or ex situ treatment with the eventual return of the treated souls to the site The
benefits of this approach include (1) reducing the volume of gpntaminated soils (2)
avoiding extremely harsh conditions therefore improving the potential for soil post
treatment so1l viability and/or replacement (3) possiblé tailoring to contammant and soil ¢ ,

conditions and (4) combimng with stream stripping of VOCs

33  Experimental Design and Procedures

331 Batch Desorption Experiments
Batch desorption experiments involved sieving the soil samples to particle size of less than
53 mm adding a leaching solution contaiing a complexant and/or a redox agent mixing
the two phases separating the phases and determining the amount of plutonium and
americium 1n each phase These desorption experiments were conducted at both 20 C and
80 C All desorption experiments were performed in duplicate The soil used for these
experiments had a very small particle size (less than 53 mm) the reason for this choice 1s
that the Pu and Am content 1n this size fraction 1s larger than mn the larger sizes and harder
to mobilize The complexants tested as a function of pH were catric accd NTA EDTA
EGTA DTPA and carbonate The reducing agents were ascorbic acid and dithiorute the
oxidizing agents were hydrogen peroxide the hypochlorite 1on and the persulfate ion

Combinations of the complexants with reducing or oxidizing agents were also tested The
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preparation of the leaching solutions used 1s given in Appendix A The chemucal structure

of the complexants and redox agents 1s given in Appendix B and C respectively
332 Column Experiments

Four leaching solutions (sodium citrate sodium citrate with ascorbic acid sodium citrate
with dithionite and sodium chlornide solutions) were eluted at 20 C through columns
containing RFETS so1l  Air dried RFETS soil samples were sieved through a 2 mm sieve
prior to use mn the column experiments The so1l column experiments were performed mn
duplicate The amount of radionuchde leached from the RFETS soil was determined by
total alpha counting The columns used contain 350 g of air dnied 2 mm sieved RFETS soil
At least ten column volumes were eluted to determuine the amount of radionuchdes leached

from the soil
34  Detail Expennmental Procedures
341 Batch Desorption Experiments

The desorption experiments at 20 C consisted of 1) weighing 2 5 g of the RFETS sieved soil
(with a particle size of <53 mm) into an Oak Ridge centrifuge tube 2) adding 20 ml of a
freshly prepared leaching solution to the soil in the tube and capping the tube tightly 3)
placing the tube i an orbital shaker for 24 hours 4) centrifuging the sample for one hour
at 12 000 rpm (28 000 g) 5) decanting the hiquid from the solid into a fresh centrifuge tube
6) centrifuging the decanted hquid for one hour at 12 000 rpm 7) pipetting 10 mL of the
centrifuged liquid into a third centrifuge tube for a final two hour centrifugation cycle at

12 000 rpm 8) analyzing 5 mL of the centrifuged hiquid for 239Pu and 241Am content
(using alpha and gamma spectrometry respectively) 9) weighing the wet solid sample (left
from step 5) 10) drymng the wet solid under a heat lamp for 48 hours then weighing again
to obtain the weight of the residual extractant hiquid left behind from the decanting
procedure and 11) analyzing the dried soil samples for 239Pu and 241Am content using

gamima spectrometry
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For the 80 C desorption experiments extra care was taken during transferring and
centrifuging so that the temperature would be maintained as close to 80 C as possible To
that end the pipette tips OR tubes and the centrifuge rotor used were preheated to
~100°C The desorption experiments at 80 C consisted of 1) weighing 2 5 g of the RFETS
sieved soil (with a particle size of <53 mm) mto an Oak Ridge centrifuge tube 2) adding 20
ml of a freshly prepared leaching solution to the soil in the tube and capping the tube
tightly 3) placing the tube 1n a specially designed silicone o1l surrounded shaker (see
Figure 1) whose temperature had been equilibrated to 80 C for 24 hours 4) quickly
transferring the tube containing the equilibrated solution into an ~100 C preheated
centrifuge rotor and centrifuging for 10 minutes at 20 000 rpm  5) quickly and carefully
decanting the liquid into a preheated fresh tube 6) placing the tube containing the
decanted iquud mnto a preheated centrifuge rotor and centrifuging ‘for 10 munutes at 20 000
rpm  7) quickly pipetting 16 ml of the centrifuged hquid into a fresh preheated tube 8)

placing the tube contaimng the pipetted hiquid intoza preheated centrifuge rotor and¢ ,

centrifuging for 10 munutes at 20 000 rpm  9) pipetiing 5mL of centrifuged solution into a
tared vial contarning 1 mL of fresh extractant (to try to prevent precipitation) 10)
analyzing the diluted centrifuged hqud for 239Py and 241Am content (using alpha and
gamma spectrometry respectively) 11) weighing the wet solid sample (left from step 5)
12) drying the wet solid under a heat lamp for 48 hours then weighing again to obtain the
weight of the residual extractant hquid left behind from the decanting procedure and 13)

analyzing the dried soil samples for 239Pu and 241Am content using gamma spectrometry
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Gamma spectrometry analysis was performed using a 180 cc HPGe detector with a well (1

cm 1n diameter and 5 cm deep ) into whach a Plexiglas capsule with the sample 1s placed
This geometry pernuts capturing about 90% of 241Am gammas and about 60% of the 239Pu
gammas All dry solid samples had a very intense 241Am 59 5 KeV peak and a much
weaker but unmustakably identifiable 239Pu 129 5 KeV peak The reason why the Pu peak
1s weaker than the Am one 1s that only 0 006 alpha decays of 239Pu are accomparued by a
129 5 KeV photon whereas about half of 241Am decays give a 59 5 KeV photon Each dry
solid sample was measured for about 4 hours The 29Pu concentration mn the solid samples

was measured by gamma spectrometry with 20 30% accuracy in most cases the 24lAm

concentration was measured with much better accuracy in both sohid and hquid samples

342 Column Expernments y

Column experiments were conducted using selected leaching solutions Kontes ¢ ,

Chromaflex™ Chromatography glass columns with safety water jackets were used There
are two layers in each column The inner column 1s made from glass and the contaminated
Rocky Flats soil was packed into 1t The outer column 1s made from acrylic plastic and
used for temperature control A pernstaltic pump was used to pump leaching solution into

the so1l column
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o

The size of the inner column 15 4 8 cm 1in diameter and 15 cm 1n length  About 350 g of soil
were loaded into each column about 20 g of washed sand were placed on the top and
bottom of the column to improve the dranage of the washing solution from the soil

column The sand had been washed twice with 5 /6 HCl solution and once with 30% H»0O,

solution then rinsed 3 times with distilled water and air dried The flow rate in the
columns was about Iml/min After leaching the columns for four days with the desired
solution the columns were washed with 0 1 M sodium chloride The soil in the columns
was then removed and air dried The dried soil sample was counted for radioactivity by
alpha counting A scintillation alpha counter (Model SAC 4 Eberline Instrument
Company Santa Fe NM) was used Soil samples were counted at least four times for 20

minutes The percent removal based on total alpha activity 1s reported m 41 2

]
The soil pH was measured on a slurry that was 1 part soil and 1 part water

-2 1 L3

35 Sampling and Data Management

Representativeness in the amount of plutoruum 1n the soil to be analyzed 1s a difficult goal
to obtain It 1s extremely time consuming to dissolve large amounts of soil prior to alpha
spectrometry 1n order to determine the exact amount of plutonium in each phase
Therefore the soils received were air dried and sieved prior to utilization in these
experiments Assuming that the plutonium 1s associated with a particular size fraction in
the RFETS soils choosing a narrow size fraction (that contains a large amount of

plutonium) alleviates the problem of representativeness in sampling and analysis

All soils received from RFETS were stored and handled according to the guidelines of
LANL procedures for Storage and Handling of Sohid Samples B
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40 RESULTS AND DISCUSSION
41  Data Analysis and Interpretation
411 Batch Desorption Experiment

The details and raw data used for the results presented in this section can be found in

Appendix D The results of the batch desorption experiments performed at 20 C and 80 C

are given 1n Table 1 for complexants and reducing or oxidizing agents

Table 1 Americtum and Plutonmium Removal from Rocky Flats Soils at 20 C and 80 C
for Distilled Water and Reducing and Oxidizing Agents

eq eq pHat| pHat| / Am / Am / Pu / Pu
Extractant NaOH | HpSO4 | 2@ 80° | Removal | Removal | Removal | Removal
at 20° at 80 at20 at 80
DI Water 0 0 80 79 0 1 1 1
01M Ascorbic Aad 0 0 37 39 1 10 3 10
0 1M Ascorbic Aad 1 0 62 66 27 45 P 22
01M Nap$04 0 0 53 | 40 0 1 1 0
3Y HyOy 0 0 49 47 0 0 7 1 .
01 MNay$0s 0 0 27 19 2 66 1 25 4
5/ NaQOCl 0 0 78 70 2 6 9 15
1/ NaOCl 0 040 39 49 5 5 7 5

Inspection of Table 1 indicates that plain deionized water removes a neghgible amount of
Am and Pu from the soil The utihization of oxidizing and reducing agents by themselves
(without a complexant) did not accomplish sigruficant removal of actinides from the soil at
20 or 80 C  These results were expected and the leaching experiments with the redox

agents (without a complexant) were performed for completeness
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The differences observed between the Am and Pu removal from soil are probably due to
the mmutial oxidation states of the actinides in the solid phase Amerncium 1s hikely to exist in
the ITI oxidation state whereas Pu 1s likely in the IV oxidation state  Table 2 indicates that
complexants (in the absence of oxidizing or reducing agents) are more successful for the
removal of Am than Pu  The results obtained from Table 2 are graphically displayed n
Appendix E (% Removal as a Function of pH) Appendix F (% Removal as a Function of
Redox Agent) and Appendix G (% Removal as a Function of Luaviant with all Redox
Agents Used)
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Table 2 Americium and Plutonium Removal from Rocky Flats Soils at 20 C and 80 C
for Complexing Agents as a Function of pH and Added Reducing and Oxidizing Agents

Complexing eq | € Redox }ft{ PaI;I Re{mi?rlal Re/mﬁ::/‘al Re;:::/al Reinl::/al
Agent NaOH |HpSO4)  Agent | 0 | goo | at20 | at80° | at20 | at80
01MCitncAad | 0 0 22 [ 24| 29 36 28 63
1 0 35 35| 51 52 56 57
2 0 46 [ 49| 60 71 36 58
(Na;Citrate) 3 0 83 | 87 29 420 20 350
01MNazCitrate | 0 0 |AscorbicAad| 54 [ 54| 69 73 56 51
1 0 [AscorbicAad| 68 | 72| 52 61 38 40
0 0 | Nasos [59]64] 7 67 62 57
053 | 0 | Nay04 |56 |67 63 61 63 53

0 5’ ;143“‘1\31 S_It?;:/ 0 0 Ngziz I‘& 61|58 77 70 4 52

01MNasCitrate | 0 0 | 3/H0;, |84[83] 54 ) 48 40
0 0 | Nups0s | 69|51 54 77 45 57
| o [o%[1/Noci [86]92] 33 4 39 37
01MEGTA 2 0 a8 [ 50| 58 69 2
3 0 87 | 87| 56 67 23 31
35 | o0 92 [02] 59 64 26 27
4 0 99 [ 98| 53 64 17 28
327 | 0 |AscorbicAad|59 |62 61 76 37 53
280 | 0 | Naps;04 |60 64| 75 81 62 70°
230 | 0 | 3/H0, |40 ]43] 57 68 27 46
230 | 0 | Na508 [32]29] 53 72 26 48
0 | 238 | 1/Na0C1 |81 ]72] 27 67 12 43




EG&G Rocky Flats Inc RFETS

Document No RF/ER 94 0027 UN

CHEMICALLY ENHANCED STEAM STRIPPING OF Document Revision 0
RADIONUCLIDES FROM RFETS SOILS Page 23 of 30
PHASE I INTERIM TREATABILITY STUDY REPORT Effective Date 1/24/95
Table2 Continued
Complexing - T Redox iﬁi P R:mf\x/‘al Removed Re;nI::\lral RemI::m
Agent NaOH |HSO4|  Agent | 0 | goo | at20 | at80 | at20° | at80
01MNaxEDTA 0 0 46 | 56 67 75 30 57
1 0 77 | 83 60 72 20 42
2 0 105( 103 55 64 18 33
2 0 |AscorbicAad| 60 | 74 67 77 60* 59+
1 0 Nax50s | 62| 65| 73 83 55 60
1 0 3/ HyOs 59175 69 62 54 28
1 0 Na2,505 | 48 | 63 61 56 32 39
0 83= 0 1/ NaQOCl | 79 8=_4__ 57 68 20= 29
01 MDTPA 2 0 39 | 38 65 79 41
3 0 52 | 67 61 75 “ 48
337 0 701 74 60 74 26 52
4 0 87 | 89| 60 66% 24 | o
5 0 103]103| 60 66 24 38
450 | 0 |AscorbicAad| 67 | 69 |~ %66 76 ' 50
432 0 Naz$04 | 74 | 65 71 86 56 68
345 0 3/ HyOr 66 { 74 65 70 50 38
350 0 Naz$0g 40 | 51 64 77 42
401 0 1/ NaQOCl | 74 | 81 60 70 31 54
—-—— - - [ —



EG&G Rocky Flats Inc RFETS Document No REF/ER 94 0027 UN

CHEMICALLY ENHANCED STEAM STRIPPING OF Document Revision 0O
RADIONUCLIDES FROM RFETS SOLLS Page 24 of 30
PHASE I INTERIM TREATABILITY STUDY REPORT Effective Date 1/24/95

Table2 Continued

Complexing eq | eq Redox | BT| P Re/mﬁ?al Remmowel | Rearoval | Removal
Agent NaOH | HpSO4)  Agent | o0 | goo | at20° | at80 | at20 | ats0
005M NTA 1 0 32 57] 59 69 53 51
008 M NTA 15 0 35 | 54 | 63 75 47 56
01MNTA 2 0 s4]63] 62 75 u“ 4
25 | o 75 | 74 | 59 71 28 58
3 0 101] 97| 59 62 29 2
333 | 0 |AscorbicAad|57 |70 63 75 55 61
268 | 0 | NS0 [54(63) 75 80 75 78
222 | o | 3/Hm0, |88 |77 =8 65 26 43
218 | 0 | Naps,08 41|29 60 32 400
220 | o | 1/Naoct [ 79|81 =0 62 42 36
= R L S R N
2 M Na2CO3 0 0 110|108 26 20 17 18
01M Na2CO3 0 104|101 1 34 2 2
01M NaHCO3 0 87]86| o 1 1
022 | 0 |AscobicAad| 72| 71| 35 a2 13 28 "
012 | 0o | Naops04 | 66|71 o 1 1 2
0015 | 0 | 3/H0p |89 [91| 1 0 1 1
0 0 | Naps08 | 83|22 o 54 2
0 |037 | 1/Na0C1 {8385 2 3 | 4 8
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All duplicate trials of the leaching schemes found 1n table 2 were withun 10% of each other
except those marked with an ¢ or those left blank An * indicates that the duphcate
trials were within 11 15% and ¢ indicates that data for only one trial was available Spaces
left blank indicate that the results obtained on duplhcate runs were >15% and need to be

repeated

In general the complexants are most effective removing Pu and Am from the soils in the
pH range from 35 to 5 Basic solutions reduce the removal of Pu from the souls
significantly One possible explanation for this observation 1s the formation of hydroxides
at large pH values followed by precipitation of the actinides rather than solubihzation and

removal from the soil into the solution phase

The results from Table 2 indicate that using complexants alone atg20 C over 60% of the
americium and 50% of the plutoruum in the so1l can bé removed Combmmg complexants
with a reducing or oxidizing agent yields the best results” More than 70% of the americium
and 70% of the plutoruum in Rocky Flats soils can be removed at 20 C by using a
complexant and a reducing agent At 20 C the largest amounts of Am were removed
(between 70 80%) with those leaching schemes 1mn which dithiorute was used 1n a pH range
of 54 74 with the following complexants citric accd NTA EGTA DTPA EDTA At
20 C the largest Puremoval (1e 75%) was accomplished with NTA / dithiorute at a pH of
~55

e A e e Meg g amE - = ces ez = e

PSRV ST




.

EG&G Rocky Flats Inc RFETS Document No REF/ER 94-0027 UN
CHEMICALLY ENHANCED STEAM STRIPPING OF Document Revision O
RADIONUCLIDES FROM RFETS SOILS Page 26 of 30
PHASE I INTERIM TREATABILITY STUDY REPORT Effective Date 1/24/95

For approximately 40% of the leaching schemes the removal of Am from Rocky Flats soils
was found to increase with increasing temperature For approximately 60% of the leaching
schemes there was no practical difference in the removal of Am with increasing
temperature (1e +10% difference) In only two leaching schemes (NazCitrate / 3% H202
and NTA / 3 33 eq NaOH / Na35,0g) was there a decrease in percent Am removal with
increasing temperature The same trends were observed for Pu with the exception of the
following two leaching schemes (Na2EDTA /1 eq NaOH / 3% H202 and DTPA / 345 eq

NaOH / 3% H303) in which the percent Pu removal decreased with an increase in

temperature

At 80°C 1t 1s possible to remove over 70% of the Am 1n the soil and 60% of the Pu in the
so1l without the utilization of a redox agent The use of complexax}ts with redox agents at
80 C removed over 80% of the Am 1n the soil and over 70% of the Pu from the soll At

80 C the largest amounts of Am were removed (betWeen 80-90%) with those leaching* ,

schemes 1 which dithionite was used in a pH range-of 54 74 with the following
complexants NTA EGTA DTPA EDTA At80°C the largest Puremoval 1e 78%) was
accomplished with NTA / dithiorute at a pH of ~5 5

Given the formation of actimude-carbonate complexes 1n solution one would expect sodium
carbonate to strongly complex the actiudes in the so1l mspection of Table 2 indicates that
this 1s not the case at the concentrations of sodium carbonate used (from 01 to 2 M) Even
with 2 M sodium carbonate only 26% and 17% of the Am and Pu 1n the soils respectively

were removed

The soils utilized for the leaching experiments were sieved to a size of less than 53 mm The
rutial concentration of the soils (< 53 mm 1n particle size) used for the 20 °C experiments
(origmally from Drum ASI52594-01 Plot 28) was 800 pCi/g and 5 100 pCi/g for 241Am
and 239Pu respectively The mitial concentration of the soils used for the 80 °C
expertments (onigmally from Drum ASI52594 03 Plot 28) was 600 pCi/g and 4,500 pC1/g

for 241Am and 239Pu respectively Since both the soil and the solution phases were
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counted during the leaching experiments 1t was possible to calculate the total amount of
Am and Pu 1n the aliquots of soils taken for the desorption experiments The amount of
241 Am 1n the soils from the 20°C experiments was 800 + 46 pC1/g the amount of 239Pu n
the soils was 5200 + 870 pCi/g The amount of 241Am 1n the soils from the 80°C
experiments was 700 + 35 pC1/g the amount of 239Pu 1n the soils was 4 500 + 700 pC1/g

The uncertainty associated with these measurement not only represents counting errors but

the heterogeneity of the actirude concentrations in the soil
412 Column Experiments

Table 3 summarizes the results of column experiments performed with Rocky Flats soils
The removal of alpha activity from the so1l was attempted using various leaching schemes

All the column experiments were performed at room temperature agd 75°C

Table 3 Results of Column Studies
L ?

Leachmng Solut. / Alpha Acivity | / Alpha Actvaity | Starting| Fmal
aching Sotution Removed @20 C |Removed @75C | Sol | Sou

0 1 M Sodium Chlonde 1/ 1/ 68 64

0 1 M Sodium Catrate 22/ 38Y 68 83
01 M Sodium Citrate
with 0 1 M Sodium Duthuorute 80/ 75/ 68 67
01 M Sodium Citrate

/
with 0 1 M Ascorbic Aad s 78 68 64
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Column results were consistent with batch desorption data Results suggest that hittle or no
radioactivity was removed from the soil by leaching with 0 1 M sodium chloride solution at
20 C and 75 C About 20% of the radioactivity could be washed out by using 01 M
sodium citrate An increase in temperature would enhance the removal of radionuchides
from soils using a citrate solution in the absence of a redox agent However only about
40% of radionuchdes were removed by using sodium citrate alone as a leaching solution
About 70 80Y of the radioactivity could be removed from the soil column by using sodium
aitrate in conjunction with a reducing agent such as ascorbic acid or the dithuorute 1on  The
removal rate of radionuchides from soils stayed basically constant (within the error of the
analytical procedure used) as the temperature increased from 20 C and 75 C in the cases
where the leaching solution contained a reducing agent It should be noted that the
radioactivity removal rates were measured using total alpha coumting and there may be

about 15 /o potential experimental error resulting from the utihzation of thus method
-z ¥ ?

42  Quality Assurance And Control

Work performed 1n this project 1s governed by the Work Plan for Chemucally Enhanced
Stream Stripping of Radionuchdes in RFETS Soils Quality Assurance Requirements and
applicable Standard Operating Procedures which have been approved by the Los Alamos
National Laboratory Quality Assurance Organization All batch desorption and column
experiments were performed in duphcate The data obtained were stored 1n spreadsheets
using Microsoft Excel Hard copies of the spreadsheets which include the data obtained
and any procedural deviations are signed by the technician performing the work and the
principal investigator Electronc copies of the spreadsheets are stored on a hard disk drive
whuch 1s backed up on to an optical disk on a weekly basis All the procedures used follow

quality assurance guidelines
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Appendix A Preparation of Leaching Solutions

0100 M Ascorbic Acid 176 g of ascorbic aad (FW = 176 1) were dissolved 1n enough
distilled water to produce 100 mL of solubon

0100 M Ascorbic Acid /1 eq NaOH 176 g of ascorbic acad (FW = 176 1) and 10 0 mL of
1 00 M NaOH were dissolved in enough distilled water to produce 100 mL of solution

0100 M Na3S5204 174 g of sodium dithuorute (FW = 174 1) were dissolved in enough
distilled water to produce 100 mL of solution

3% H202 Taken directly from reagent bottle

0100 M Na3520g 238 g of sodium persulfate (FW = 238 0) were dissolved 1n enough
distilled water to produce 100 mL of solution

5% NaQOCl Taken directly from clorox bleach bottle -

1% NaOCl / 040 eq H2SO4 167 mL of 6% NaOCl and 4 0 mL of 1 00 N HzS04 were
dissolved in enough water to produce 100 mL of solution

0100 M Citric Acid 2 10 g of Citric acad monohydrate (FW = 210 0) were dissolved in
enough distilled water to produce 100 mL of solution »

0100 M Citric Acid /1 eq NaOH 210 g of Citric aad monohydrate (FW = 2100) and
10 0 mL of 1 00 M NaOH were dissolved 1n enougR distilled water to produce 100 mE¥ .
of solution

0100 M Citric Acid / 2 eqg NaOH 210 g of Citric acid monohydrate (FW = 210 0) and
20 0 mL of 1 00 M NaOH were dissolved in enough distilled water to produce 100 mL
of solution

0 100 M Sodwum Citrate 294 g of sodium citrate dihydrate (FW = 294 1) were dissolved 1n
enough distilled water to produce 100 mL of solution

0 100 M Sodwum Citrate / 0 100 M Ascorbic Acid 2 94 g of sodium atrate dihydrate (FW =
294 1) and 1 76 g of ascorbic acid (FW = 176 1) were dissolved in enough distilled water
to produce 100 mL of soluton

0100 M Sodwum Citrate / 1 eq NaOH / 0100 M Ascorbic Acid 294 g of sodium citrate
dihydrate (FW =294 1) 100 mL of 100 M NaOH and 1 76 g of ascorbic aad (FW =
176 1) were dissolved 1n enough distilled water to produce 100 mL of solution

0 100 M Sodium Citrate /0 100 M Na2S204 2 94 g of sodium atrate dihydrate (FW = 294 1)
and 1 74 g of sodium dithiorute (FW = 174 1) were dissolved 1n enough distilled water
to produce 100 mL of soluhon

0100 M Sodium Citrate / 053 eq NaOH / 0100 M Na25204 294 g of sodium citrate
dihydrate (FW =294 1) 53 mL of 1 00 M NaOH and 1 74 g of sodium dithiorute (FW =
174 1) were dissolved 1n enough distilled water to produce 100 mL of solution
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0267 M Sodium Citrate /0 011 M NaHCO3/ 0480 M Na3S;04 785 g of sodium atrate
dihydrate (FW = 294 1) 00932 g of sodium bicarbonate (FW = 84 0) and 834 g of
sodium dithuiorute (FW = 174 1) were dissolved 1n enough distlled water to produce
100 mL of solution

0100 M Sodwum Citrate / 3 0 H202 294 g of sodium citrate dihydrate (FW = 294 1) were
dissolved 1n enough 3 4 hydrogen peroxide to produce 100 mL of solution

0100 M Sodium Citrate /0 100 M Na2520g 294 g of sodium atrate dihydrate (FW =294 1)
and 2 38 g of sodium persulfate (FW = 238 0) were dissolved 1n enough distilled water

to produce 100 mL of soluton

0 100 M Sodium Citrate /0 76 eq H2SO4 /1% NaOCl 2 94 g of sodium atrate dihydrate (FW
=294 1) and 7 6 mL of 100 N H>SO4 were dissolved i enough 1% NaOCl to produce

100 mL of soluton

0100 M EGTA /2 eq NaOH 380 g of Ethyleneglycol-O O bis(2 amunoethyl) NN,N N
tetraacetic acid (FW = 380 4) and 20 0 mL of 1 00 M NaOH were dissolved in enough
distilled water to producel00 mL of solution

0100 M EGTA /3 eq NaOH 3 80 g of Ethyleneglycol-O O bis(2 amunoethyl) NNN N
tetraacetic aad (FW = 380 4) and 30 0 mL of 1 00 M NaOH were dissolved in enough
distilled water to producel00 mL of solution »

0100 M EGTA /3 5eq NaOH 3 80 g of Ethyleneglycol-O O bis(2 armnoethyl)-NN NN
tetraacetic acid (FW = 380 4) and 35 0 mL of 1 00-¥ NaOH were dissolved 1n enough' ,
distilled water to producel00 mL of solution

0100 M EGTA /4 eq NaOH 380 g of Ethyleneglycol-O O bis(2 amunoethy]) NNN N
tetraacetic acid (FW = 380 4) and 40 0 mL of 1 00 M NaOH were dissolved in enough
distilled water to producel00 mL of solution

0100 M EGTA/ 327 eq NaOH /0100 M Ascorbic Acid 3 80 g of Ethyleneglycol-O O bis(2
aminoethyl) NN N N' tetraacetic acad (FW = 3804) 327 mL of 100 M NaOH and
176 g of ascorbic acid (FW = 176 1) were dissolved in enough distilled water to

produce 100 mL of solution

0100 M EGTA /289 eqg NaOH /0100 M Na25204 380 g of Ethyleneglycol-O O bis(2
amunoethyl) NN,N N tetraacetic acid (FW = 3804) 289 mL of 100 M NaOH and
174 g of sodium dithuorute (FW = 174 1) were dissolved 1n enough dishlled water to

produce 100 mL of solution

0100 M EGTA /2 30 eg NaOH /3 /6 H202 3 80 g of Ethyleneglycol-O O bis(2 amunoethyl)
N N,N N' tetraacetic aad {FW = 380 4) and 23 0 mL of 1 00 M NaOH were dissolved 1n
enough 3% hydrogen peroxide to produce 100 mL of solution

0100 M EGTA / 230 eq NaOH / 0100 M Na25208 3 80 g of Ethyleneglycol-O O bis(2
amunoethvl) NN N N tetraacetic acid (FW = 3804) 23 0 mL of 1 00 M NaOH and
2 38 g of sodium persulfate (FW = 238 0) were dissolved in enough distilled water to

produce 100 mL of solution
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0100 M EGTA / 238 eq NaOH / 1/ NaOCl! 380 g of Ethyleneglycol O O bis(2
armunoethyl) NN N N tetraacetic acid (FW = 3804) and 23 8 mL of 100 M NaOH
were dissolved in enough 1/ NaOCl to produce 100 mL of soluton

0100 M NaEDTA 372 g of the Disodium salt of ethylenediamine tetraacetic acid
dihydrate (FW = 372 2) were dissolved 1n enough distilled water to produce 100 mL of

solution

0100 M NagEDTA /1 eq NaOH 3 72 g of the Disodium salt of ethylenediamune tetraacetic
acid dihydrate (FW = 372 2) and 10 0 mL of 1 00 M NaOH were dissolved in enough
distilled water to produce 100 mL of solution

0100 M NaEDTA /2 eq NaOH 3 72 g of the Disodium salt of ethylenediamune tetraacetic
acid dihydrate (FW = 372 2) and 20 0 mL of 1 00 M NaOH were dissolved 1n enough

distilled water to produce 100 mL of solution

0100 M NaEDTA / 2 eq NaOH /0 100 M Ascorbic Acid 3 72 g of the disodium salt of
ethylenediamune tetraacetic acid (FW = 372 2) 20 0 mL of 1 00 M NaOH and 1 76 g of
ascorbic aad (FW = 176 1) were dissolved in enough distilled water to produce 100 mL

of solution

0100 M NaEDTA /1 eq NaOH /0100 M NaS204 372 g of the disodium salt of
ethylenediamine tetraacetic acid (FW =372 2) 100 mL of 1 06 M NaOH and 174 g of
sodium dithiorute (FW = 174 1) were dissolved 1n enough distilled water to produce

100 mL of solution. : . .

0100 M NaEDTA /1 eqg NaOH /37 H;02 372 g of the disodium salt of ethylenediamine
tetraacetic aad (FW =372 2) and 10 0 mL of 1 00 M NaOH were dissolved in enough
3% hydrogen peroxide to produce 100 mL of soluhon

0100 M NaEDTA /1 eq NaOH / 0100 M Na35208 372 g of the disodium salt of
ethylenediamine tetraacetic acid (FW =3722) 100 mL of 1 00 M NaOH and 2 38 g of
sodium persulfate (FW = 238 0) were dissolved 1n enough distilled water to produce

100 mL of solution

0100 M Na2EDTA / 083 eq NaOH / 17 NaOCl 372 g of the disodium salt of
ethylenediamine tetraacetic acid (FW = 3722) and 83 mL of 100 M NaOH were

dissolved 1n enough 1% NaOCl to produce 100 mL of solution

0100 M DTPA /2 eg NaOH 3 93 g of Diethylenetriaminepentaacetic acid (FW =393 3) and
20 0 mL of 1 00 M NaOH were dissolved 1n enough distilled water to produce 100 mL
of solution

0100 M DTPA /3 eqg NaOH 3 93 g of Diethylenetriaminepentaacetic acid (FW =393 3) and
30 0 mL of 1 00 M NaOH were dissolved in enough distilled water to produce 100 mL
of solution

0100 M DTPA /3 37 eqg NaOH 393 g of Diethylenetriaminepentaacetic aad (FW = 393 3)
and 33 7 mL of 1 00 M NaOH were dissolved 1n enough distilled water to produce 100
mL of soluhon
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0100 M DTPA /4 eg NaOH 3 93 g of Diethylenetriaminepentaacetic acid (FW =393 3) and
40 0 mL of 1 00 M NaOH were dissolved in enough distilled water to produce 100 mL
of soluhon

0100 M DTPA /5 eg NaOH 3 93 g of Diethylenetriaminepentaacetic acid (FW =393 3) and
50 0 mL of 1 00 M NaOH were dissolved in enough distilled water to produce 100 mL
of solution

0100 M DTPA / 450 eq NaOH / 0100 M Ascorbic Acid 393 g of
Diethylenetriaminepentaacetic acidd (FW =393 3) 450 mL of 100 M NaOHand 176 g
of ascorbic aad (FW = 176 1) were dissolved in enough distilled water to produce 100

mL of solution

0100 M DTPA /432 eq NaOH /0 100 M Na35204 3 93 g of Diethylene-triaminepentaacetic
aad (FW =393 3) 432 mL of 100 M NaOH and 1 74 g of sodium dithiorute (FW =
174 1) were dissolved 1n enough distilled water to produce 100 mL of solution

0100 M DTPA /345 eq NaOH /3% H202 393 g of Diethylenetriamine pentaacetic acid
(FW = 393 3) and 34 5 mL of 100 M NaOH were dissolved in enough 3% hydrogen
peroxide to produce 100 mL of solution

0100 M DTPA /3 50 eqg NaOH /0 100 M Na35203 3 93 g of Diethylene triaminepentaacetic
acd (FW =393 3) 350 mL of 100 M NaOH and 2 38 g of sedium persulfate (FW =
238 0) were dissolved 1n enough distilled water to produce 100 mL of solution

0100 M DTPA / 401 eq NaOH / 1% NaOCl 3 93 g of Diethylenetriamihe pentaacetic acid
(FW =393 3) and 40 1 mL of 1 00 M NaOH were dissolved 1n enough distilled water to
produce 100 mL of solution

0050 M NTA /1 eq NaOH 0955 g of Nitrilotriacetic aaad dihydrate (FW = 191 1) and
10 0 mL of 1 00 M NaOH were dissolved in enough distilled water to produce 100 mL
of solution

0080 M NTA /15 eq NaOH 153 g of Nitrilotriacetic acid dihydrate (FW = 191 1) and
150 mL of 1 00 M NaOH were dissolved in enough distilled water to produce 100 mL
of solution

0100 M NTA /2 eq NaOH 191 g of Nitrilotriacetic acid dihydrate (FW = 191 1) and
20 0 mL of 1 00 M NaOH were dissolved 1n enough distilled water to produce 100 mL
of solution

0100 M NTA/25eq NaOH 191 g of Nitrilotriacetic acid dihydrate (FW = 191 1) and
250 mL of 1 00 M NaOH were dissolved 1n enough distilled water to produce 100 mL
of solution

0100 M NTA /3 eq NaOH 191 g of Nitrilotriacetic acid dihydrate (FW = 191 1) and
30 0 mL of 1 00 M NaOH were dissolved 1n enough distilled water to produce 100 mL
of solution

0100 M NTA / 3 33 eq NaOH /0100 M Ascorbic Acid 191 g of Nitrilotriacetic aaid (FW =
191 1) 333 mL of 1 00 M NaOH and 1 76 g of ascorbic acid (FW = 176 1) were dissolved
in enough distilled water to produce 100 mL of solution

e - - I i St T e -



AS

0100 M NTA /268 eq NaOH /0100 M NaS;04 191 g of Nitrilotriacetie-aaid (FW =
1911) 26 8 mL of 1 00 M NaOH and 174 g of sodium dithiorute (FW = 174 1) were
dissolved in enough distilled water to produce 100 mL of solution

0100 M NTA /2 22 eqg NaOH /3Y H20, 191 g of Nitrilotriacetic actd (FW = 191 1) and
222 mL of 1 00 M NaOH were dissolved 1n enough 3% hydrogen peroxide to produce
100 mL of soluton

0100 M NTA/ 218 eq NaOH /0100 M Na25203 191 g of Nitrilotnacetic ac'd (FW =191 1)
and 218 mL of 1 00 M NaOH and 2 38 g of sodium persulfate (FW = 238 0) were
dissolved 1n enough distilled water to produce 100 mL of solution

0100 M NTA /2 20 eqg NaOH / 1% NaOCl 191 g of Nitrilotriacetic aad (FW = 191 1) and
22 0 mL of 1 00 M NaOH were dissolved 1in enough 1% NaOCI to produce 100 mL of

solution

200 M NaCO3 212 g of sodium carbonate (FW = 106 0) were dissolved in enough
distilled water to produce 100 mL of solution

0100 M Na;CO3 106 g of sodium carbonate (FW = 106 0) were dissolved in enough
distilled water to produce 100 mL of solution

0100 M NagHCO3 0840 g of sodium carbonate (FW = 84 0) were dissolved in enough
distilled water to produce 100 mL of solution 4

0100 M NaHCOj3/ 022 eq NaOH /0 100 M Ascorbic Acid 0 840 g of Sodium bicarbonate

(FW = 8401) 22 mL of 100 M NaOH and 176 § bf ascorbic aad (FW = 176 1) were® ,

dissolved 1n enough distilled water to produce 100 ml of solution

0100 M NaHCO3 /012 eq NaOH /0 100 M Na35204 0 840 g of Sodium bicarbonate (FW =
8401) 12 mL of 100 M NaOH and 174 g of sodium dithiorute (FW = 174 1) were
dissolved 1n enough distilled water to produce 100 mL of solution.

0100 M NaHCO3/ 0015 eq NaOH /3% H202 0840 g of Sodium bicarbonate (FW = 84 01)
and 015 mL of 100 M NaOH were dissolved in enough 3% hydrogen peroxide to

produce 100 mL of solution

0100 M NaHCO3 /0100 M Na3S,0g 0840 g of Sodium bicarbonate (FW = 84 01) and
2 38 g of sodium persulfate (FW = 238 0) were dissolved 1n enough distilled water to
produce 100 mL of solution

0100 M NaHCO3 /037 eqg HSO4 /1% NaOCl 0 840 g of Sodium bicarbonate (FW = 84 01)
and 3 7 mL of 1 00 N H3504 were dissolved 1n enough 1% NaOCl to produce 100 mL
of solution
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Appendix B Complexants

OH
HOOC COOH COOH HOOC COOH COOH
Citric Acd NTA

Nitrilotriacetic Acid

HOOC——\ /—-\ /—COOH
Hooc—-/ \—COOH

EDTA
Ethylenediamine tetracetic acid 2

-z 1

COOH
HOOC N/ Y VAN /
Hooc—/ \—-—COOH

EGTA
Ethyleneglycol O O bis(ammoethyl) N N,N'\N' tetraacetic acid

HOOC—-\ 7\ / \ /-—COOH
HOOC——/ < \-—COOH

COOH

DTPA
Drethylenetriaminepentaacetic acid
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Appendix C Oxidizing and Reducing Agents

Oxidizing Agents

9 9
=§ 0 O“S=O HOOH NaQCl
@) (0]
persulfate 1on hydmgff . bleach
peroxide (sodiumn hypochlorite)
Reducing Agents
CH,0H
(I) (|) HO Y 0
O=S— S=0 — 4
dithionite 10n HO OH

ascorbic acid

o @ S -
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PGS
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Appendix D

Y |

Data for Batch Desorptions at 20° and 80°

[NOTE For the column in which the Average Percent Removal of Radionuclide 1s given
almost all of the duplicates were within 10% of each other unless otherwise marked An
indicates that duplicate trials were within 11 15 % a ¢ indicates that data for only one
trial was available and a duplicate needs to be run and a t indicates that the results
obtained on duplicate runs were greater than 15% and the experiment needs to be
repeated ]
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Appendix D Data for Baich Expenments at 20°C
pii Eh Grams
Expenment of Lixiviant | of Lixiviant { of Liqud Grams
No Grams pH Eh (alter (alter Associated | Grams | of hqud
Leaching Solution Sample] 94 RIP |Grams of of of of equubration | equubration | with Wet | of dry | sent for
(1 1xiviant) No 20°C) soil Lixiviaint | Lixsviant | Tixiviant | with soil) with soil) Soil soil | 1nalysts
Citnc Awid # 22 1 2 211 610
iric Aci 147 11 250 19 66 18 122 30 17
148 #11 251 2006 22 298 182 250 597
Cunic Aud / 1 eq NaOH 149 #i 250 2010 32 343 35 26Y 163 244 613
150 #11 255 2019 35 270 175 260 595
Curic Acid /2 eq NaOH 151 #11 251 2020 44 269 46 239 163 248 593
152 #11 254 2020 46 243 156 248 592
S trat 1 #11 250 2 8 244 9
odwm Citrate 53 5 025 80 234 3 104 158 597
154 #l1 255 2022 82 103 169 241 6 00
EGTA /2 «g NaOH 155 #11 250 2015 \ 48 136 147 245 598
60 318
156 #11 251 2017 48 137 163 247 594
EGTA /3 cq NaOH 157 #11 251 2037 89 167 87 5 155 247 601
-
158 #11 251 2033 87 5 159 246 601
EGTA /3 5eq NaOH 159 #11 250 2033 92 . 92 19 164 248 600
160 #il 250 2031 91 18 158 247 600
EGTA /4 ¢g NaOH 161 #11 250 19 88 99 44 99 41 159 247 596
162 #1 252 1977 99 -40 154 251 607
EY
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Appendix D Data for Batch Experiments at 20°C

¥ Total i Total .m
Average| Am 241 Average | Pu 239 M
Am 241 Am 24) Pu 239 Pu 239 Am n Soil Pu n Soil ‘H
Leaching Soluuion Sample| n Dry Soil | mmLiqud { in Dry Sail mbLiqud | % Am |Removed| Used %Pu |Removed| Used
(Lixiviant) No (nC1/g) (pCy/g) (pCyg) {(pCy/g) | Removed} (%) (pCi/g) | Removed| (%) PC/g) J
Cine Acid 147 1640 = 38|29 + 33039 + 683|138 + 14 27 29 848 27 28 4029
148 | 587 + 34131 + 33664 £ 719|183 + 2I 31 812 29 4994
Cirie Acid/ 1 eq NaOH 149 1445 + 26| 52 + 4| 1860 + 684|281 + 24 50 51 829 57 56 3936
150 | 456 + 27|58 + 42374 £ 767|320 £ 27 52 875 54 4 688
Citnic Actd /2 eq NaOH 151 1392 £ 23] 66 £ 5|4108 £ 695}230 + 19 60 0 881 32 36 5811
152 390 £ 23|67 + 53110 £ 580251 + 18 60 884 40 4951 _,,
Sodium Cirate 153 1642 1 38|32 + 313052 £ 653|111 £ 14 29 2 881 23 2 3882 |
154 1690 + 40}34 £ 2]3791 £ 551| 89 % 10 29 937 16 4438
EGTA /2 eq NaOH 155 1387 £+ 22|59 + 413440 £ 712]257 + 24 57 sg 827 39 29 1 51357
156 385 £ 22|59 + 44682 + 709|140 + 18 58 821 20 5717 |
LGTA /3 «) NaOH 157 | 3713 4 22|58 £ 3 u_Mue t 6901103 + 14 58 56 809 21 2 4012
158 [429 + 25|58 + 3|4272 £ 7157{170 & 21 55 862 25 5542
EGTA /35 ¢q NaOH 159 1352 £+ 21161 + 313137 £ 695{140 =+ 14 61 59 808 27 2% 4183 m
160 | 400 + 23|59 £ 4359 + 634|137 + 18 57 843 24 4624
EGTA /4 eq NaOH 161 | 427 4+ 25] 55 + 3|5239 + 697 _uc.H 14 53 53 829 17 17 6 190
162 1397 4 23|54 £ 314046 £ 673110 + 18 54 788 18 4843 |
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. Appendix D Datafor Bat b E xporment 20 (
pH Eb Grams
Laperniment of I ixiviant | of Lixaviant | of Liqund Grams
No Grains pl Th {after (after Associated | Grams | of hquid
I cachung, Solution Sample] 91 RI} |Gram of of of of cqunt ration | equubration | with Wet | of dry | seat for
(I ixavini) No (20°C) sl Lixpviant | Lexivi ot § Lexoviang | wath sonh with soil) Soil soil | analysi§
Na2EDTA 1 #12 2 202 4 224 168 246 602
a 63 50 029 49 268 6
164 #12 250 2026 46 228 173 242 600
Na2EDTA / 1 eq NaOH 165 #12 252 2035 81 1 717 87 185 244 613
166 #12 254 2032 77 81 192 249 615
Na2EDTA /2 ¢q NaOH 167 #12 249 2041 10 57 105 4 235 243 611
168 #12 251 2036 104 2 225 244 598
DTPA /2 eq NaOH 169 #12 249 2041 13 340 39 192 178 247 592
170 #12 253 2026 39 190 187 246 639
DTPA /3 eq NaOH 171 #12 253 2030 \ 52 106 193 247 613
49 | 286
172 #12 254 2040 52 102 162 250 604
DTPA /4 ¢cq NaOH 173 #12 250 2048 89 123 87 4 197 246 588
-
174 #12 250 2043 87 6 189 244 595
DTPA /5 eq NaOH 175 #12 255 2047 104 ] 34 103 43 181 251 593
176 #12 250 20 50 103 -43 178 249 605
DI Water 177 #12 252 1994 57 70 77 105 219 246 576
178 #12 250 1993 83 103 231 245 599
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_ _ Appundix D Dt for Batch Expeniments w 20°C
v | Tow Vv | Total
Average | Am 241 Average | Pu 239
Am 41 Am 24| Pu 239 Pu 239 Am m Soil Pu mn Soil
1 « & hing Solutim Sample] m Dry Sail | inLigud | n Dry Soil mliqud | % Am |Removed] Used %Pu |Removed| Used
(1 1xiviant) No (pCv/g) (pL/R) (pCv/g) (PCi/g) |Removed] (%) {(pCv/g) | Removed{ (%) (pCug) |
Na2EDTA 163 |329 £ 19|71 + 4]4011 + 653]205 £ 19 67 P 858 30 30 5538
164 1320 £ 1869 £ 43953 £ 667]205 = 18 67 831 30 5472
Na2EDTA / I eq NaOH 165 | 358 + 21162 + 43488 + 665|132 + 14 62 60 814 24 20 4458
166 1391 £ 23|59 + 315511 + 897|127 + 18 58 819 16 6433
Na2EDTA /2 eq NaOH 167 | 444 + 26| 59 + 31455 + 872{127 + 14 55 55 871 19 18 5475
168 {428 £ 25|55 + 313872 + 7321102 = 13 54 825 18 4 607
DTPA /2 eq NaOH 169 | 335 £+ 20169 + 414473 £ 916]330 + 27 66 65 852 39 41 6945
170 342 + 20| 65 + 414038 + 7701357 £+ 29 64 815 43 6 636
DTPA /3 cq NaOH 170 | 381 + 22| 68 + 42916 + 520 .uoo + 27 62 61 875 47 44 5097
172 | 396 + 23166 + 4|3448 + 131|275 = 27 60 883 40 5477
DTPA /4 cq NaOH 173 [ 382 + 22|62 + 3|4185 £ 7221140 £ 16 60 60 841 22 24 5222
174 1391 ¢ 23162 £ 43997 + 811|164 1 16 60 851 26 5215
DTPA /5 ¢q NaOH 175 | 399 + 23|62 + 4[4083 + 684]137 + 14 58 60 853 22 24 5087
176 {348 1 20} 58 + 313935 + 811|160 + 16 61 782 26 5131
DI Waler 177 | 760 £ 45]01 t 5153 + 7471 11 t 10 0 0 761 2 | 5230
178 | 767 L 45|01 ¢ 5194 + 718] 5 0 768 1 5229
2.
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Appendix D Data for Batch Fxpeniments 1t 20°C

pH Eh Grams
Experiment of Lixiviant | of Lixiviant | of Ligud Grams i
No Grams pH Eh (after (after Associated | Grams | of hquid M
Leaching Solution Sample] 94 RIT |Grams of of of of equubration | equubrauon | with Wet | of dry | sent for
{Lixnviant) No (20°0) soil Liaviant | Lixiviang § Lixiviang | with soil) with soil) Soil soll | analysis
2 M Sodum Carbonate 179 #13 253 2349 14 1 1o 9 162 281 678
180 #13 250 23.50 110 0 161 281 728
Sodium Carbonate 181 #13 251 2011 12 176 104 30 176 246 636
182 #13 258 2009 104 26 179 253 629
B # 24 1994 178 24 27
Sodium Bicarbonate 183 13 8 99 88 396 87 99 3 6
184 #13 257 1993 87 120 194 251 6217
005 M NTA /1 ¢q NaOH 185 #13 255 2006 26 386 32 295 173 246 631
186 #13 253 2130 31 323 172 244 628
008 MNTA /15 ecqNaOH 187 #13 248 2054 \ 35 290 190 241 603 i
28 .| 386 :
188 #13 253 2004 35 291 199 246 601 w
NTA /2 ¢q NaOH 189 #13 256 2009 36 144 54 224 222 251 606
L 3
190 | #3 | 250 | 2013 54 215 195 | 244 | 606
J
NTA /2 5 ¢q NaOH 191 #13 256 2019 86 . 178 75 141 246 252 604
192 #13 254 2020 75 133 243 251 605
NTA /3 eq NaOH 193 #13 247 2018 103 61 101 3 204 241 588
194 #13 248 2016 . 100 36 235 243 607
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Appendix D Data for Batch Experiments at 20°C

d

\ Touwal 1 Total

Average| Am 241 Average | Pu 239

Am 241 Am 24] Pu 239 Pu 239 Am m Soil Py n Soil

Leaching Soluuon Sample| i Dry Suil | inLiquid | sn Dry Soil mbLiqud | % Am |Removud] Used %Pu |Removed| Used

(I 1xaviant) No (pCu/g) (pLs/g) (pCi/g) (pCi/g) | Removed| (%) (pCi/g) | Removed| (%) (pCi/r)

2 M Sodium Carbonate 179 1502 £ 29|19 £ 1]4153 £ 611| 68 + 14 26 % 662 13 17 4741
180 | 497 + 29| 18 t 2709 + 552178 £ 5 26 658 22 3392

Sodwm Carbonate 181 [ 863 £ 51| 2 ¢ 7056 + 933| 16 + 4 1 1 874 2 9 7173
182 | 838 + St} 1 6426 £ 1093] 14 + 1 1 847 2 6525

Sodium Bicarbonate 183 | 809 = 48|01 + 4611 + 7041 5 ¢+ 0 0 810 1 0 4 648
184 {805 + 48101 = 5986 + 814] 04 * 01 0 806 0 5989

005 M NTA /1 eq NaOH 185 | 359 + 21|62 2730 + 518424 + 51 61 59 805 58 53 5782
186 | 396 + 23|59 * 3000 + 529|305 + 40 58 853 48 5364

008 MNTA /15 cqNaOH 187 | 377 + 26| 67 % 3125 + 540 ...uuq t 40 63 63 880 49 47 5655
188 | 371 + 22| 67 3432 + 513 wwo t 40 63 849 45 5718

NTA /2 eq NaOH 189 j382 + 22| 66 ¢ 3159 + 497332 + 40 61 2 842 48 44 54M4
190 1378 = 22| 68 £ 3943 + 534|316 H'Aw 63 872 4] 6239

NTA /25 eq NaOH 191 | 389 + 23] 61 3990 + 520|237 + 37 59 5 811 33 o~ 5631
192 | 413 = 24| 63 & 4338 + 5511151 = 32 59 854 22 5395

NTA /3 eq NaOH 193 1391 = 23] 57 & 3558 1 631]203 £+ 37 57 59 809 33 29 5047
194 | 407 + 24} 63 % 4695 * 624 .e_mu t+ 35 60 860 25 6012
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_ Appendix D Dat for Baich | xperuments at 20 €
pH Eh Grams
I apunment of Lixivimi | of Lixiviant | of Liqud Grams
No Grams pHi Ih (aficr (after Assoc tated | Grams | of hquid
| caching Solution Sample] 93 RIT  [Grams of ol of of cquubration | equubrauon | with Wet | of dry | sent for
(I sxsviant) No Q00 soul [oaviant | L oaviant | Lixiviant | with soil) with soil) Soil soil | analysis
Ascorbic Acid 1 4 1 181 241 635
scorbic Act 95 # 251 998 27 137 37 5 8
196 #14 251 2002 37 2 171 245 631
Dithtoniie 197 #14 252 2008 32 45 52 67 201 243 643
198 #14 252 2009 53 47 199 244 634
Hydrogen Peroxide 199 #14 250 19 81 42 369 49 175 197 223 612
200 #14 252 1953 48 170 204 227 594
N 1 201 #14 21 4
aOC 0 1 253 59 109 751 79 156 146 252 676
202 #14 252 2149 76 179 158 249 682
Persulfate 203 #14 251 2024 | 217 589 195 248 607
43 ~ 61
204 #14 253 2027 1217 606 183 249 606
Na3Cutrate / Ascorbic Acd 205 #14 249 1962 51 3l 54 103 247 251 611
(3
206 #14 251 1979 54 103 249 251 609
Na3Citrate / Ditluonite 207 #14 251 2043 52 353 59 110 200 248 610
208 #14 251 2055 59 107 187 250 614
Na3Citrate / Hydrogen Peroxide} 209 #14 251 2002 75 235 80 32 248 227 607
210 #a 250 19 82 " 87 18 245 220 6 08




Appendix D Datafor Buch Fxpornmenis 20 (

Toual ¥ Total
Averape | Am 241 Average | Pu 239
Am 41 Am 241 Pu 239 Pu2w A\m in Soil Py in Soil
Leaching Solution Sample} mIny Scil | mliqud | m Dry Suil mLiqmi | % Am [R moved] Used % Pu | Removed| Used
(I txavian() No eOy) | gy () (pCig, [Remov d] (%) (pCyg) | Removed | (%) (Ci/g) |
Ascorbic Acid 195 1810 + 48] 2 + 03315 +570| 18 + 8 2 : 823 4 3 3445
196 | 831 + 491 1 + 04391 + 694 10 + 2 1 835 2 4464
Dithioniie 197 | 818 1 48103 5559 £ 720 8 + 8 0 0 820 1 | 5616
198 | 780 + 46|03 4536 + 696| 22 + 05 0 782 0 4552
Hydrogen Peroxide 199 | 799 + 47|03 ¢ 5128 + 782 35 £ 16 0 0 801 5 7 5378
200 | 813 + 48103 = 3945 £ 640} 51 % 10 0 815 9 4299
NaOCl 201 | 819 + 48125 +£03]14660 £ 732 32 + 20 3 2 839 6 9 4915
202 {828 + 49119 +02]329 £ 615| 54 + 5 2 843 12 3723
Persulfate 203 | 735 £ 43|18 £04)5015 + 726| 5 + 5 2 2 748 1 | 5051
204 | 783 + 48|15 £02]4.275 £ 505 .na + 08 2 794 0 4293
Na3Curate / Ascorbic Acid 205 | 310 + 18|68 £ 5|2975 £ 512]394 + 48 69 69 778 55 56 5689
206 {313 + 18172 £ 5]229 4301332 Hluu 70 809 57 4576
Na3Citrate / Dithionute 207 1299 + 17|70 + 5}2671 + 508|440 + 45 70 7N 814 61 2 5907
208 1291 £ 17|17t £ 512427 + 5111437 + ¢4 n 819 63 5676
Na3Citrate / Hydrogen Peroxide] 209 | 417 £ 24155 = 3 (12340 + 713|314 1 40 55 54 802 55 48 4539
210 {441 1 26) 57 + 4 [3842 + 744299 + 35 54 838 40 5923
e
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Appendix D Data for Batch Experiments at 20°C
pH Eh Grams
Lxpenment of Lixiviant | of Lixsviant | of Liquid Grams
No Grams pH Ch {after (afier Associated | Grams | of hquid
Leaching Solution Sample| 94 RIP }Grams of of of of equubration | equubration | with Wet | of dry | sent for
(Lixivint) No 20°C) soil Lixiviant | Lixiviant | Lixiviant | withsoil) | with soi) Sotl sotl | analysis
Ascorbic Acid/ 1 eq NaOH 21 #15 249 2010 56 0 61 145 191 246 641
212 #15 248 2012 62 151 201 244 623
Na3Cit/ 1 eq NaOH / Ascorbic
4 4 16 24 255 47
Ackd 213 #15 25 2048 68 53 68 3 3 6
214 #15 251 2050 617 158 251 253 641
Na3Cirate /
Persulfate 215 #15 247 20 52 79 3138 71 363 220 248 598
216 #15 251 20 54 66 360 219 249 656
03MNa3Cu /001 M
Nal{CO3 /0 5 M Dithtonmite 217 #15 248 2198 59 00 61 149 169 261 719
218 #15 254 2206 61 162 155 264 691
Na2EDTA /2 eq NaOH /
Ascorbic Acid 219 #15 252 2048 75 ‘“. 212 60 167 204 252 610
220 #15 253 2056 59 170 222 255 6 05
Na2EDTA /1 ¢q NaOH /
Dithionste 221 #15 250 20 65 55 440 62 0 205 252 620
-
1 222 #15 254 2074 62 0 20t 257 6137
Na2EDTA /1 eq NaOH /
1 2 4
Hydrogen Peroxide 223 #15 25 2051 79 258 58 00 47 252 507
224 #15 249 2053 59 198 538 252 587
Na2EDTA /| eq NaOH /
Na25208 225 #15 250 20 61 4l 325 48 379 229 257 588
226 #15 252 2067 48 382 276 264 612
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Appendix D Data for Batch Experiments 1t 20 C

v Total ¥ Total
Average| Am 241 Average | Pu 239
Am 241 Am 241 Pu 239 Pu 239 Am i Soil Pu n Soul 1
Leaching, Solution Sample| n Dry Soll | inLiquid | 1 Dry Soil mligqmd | % Am |Removed| Used % Pu |Removed| Used !
(Lixiviant) No (pCi/g) (pCyg) (pCv/g) (pCvg) |Removed] (%) (pCi/g) | Removed | (%) Cig) |
Ascorbic Acid / 1 eq NaOH 211 1597 £ 35027 + 2(3314 £ 521}127 + 24 27 27 794 24 - 4241
212 {587 + 34|25 £ 214103 £ 5971116 £ 21 26 770 19 4952
Na3Cit/Teq NaOH / Ascorbuc| 0 f 010 o0l 49 4 314331 + 497|278 + 40| 52 761 36 6 306
Acul 52 38
214 | 402 + 23|48 1 34473 + 434|343 + 40 53 746 40 6934
Na3Curate / 215 | 423 £ 25|52 + 3|3646 + 606|318 + 40| 53 808 44 6002
Persulfate 54 45
216 | 404 1 24|54 + 43077 + 52717289 + 40 55 799 46 5192
03 M Na3Cit/001 M . . )
NaHCO3 /0 5 M Dithionite 217 {224 £ 13|70 + 52481 % 576|256 + 43 78 7 797 50 52 4 576
218 | 243 + 14§74 £ 5)1832 £ 5211235 + 29 76 840 55 3728
Na2EDTA /2 ¢q NaOH /
Ascorbic Acid 219 1352 £ 20170 1+ 51850 + 601 .uwm + 43 66 67 863 67 0 4670 w
220 1325 £ 19172 + 53096 + 64111394 + 54 69 848 54 5958
Na2EDTA/1eqNaOH/ § o) fan s 00l s & 62683 + 484|378 + 43| 67 928 57 5492
Dithtonie 3 * 55
- i
222 |249 £ 14|88 L 62822 + 437]1354 + 43 80 898 53 5434 ;
NaZEDTA/1eaNaOH/ 1 opy f gy 4 21|73 & 5| 2714 + 509 [340 ¢ 43] 72 828 57 4849
Hydrogen Peroxide 69 54
224 1424 £ 25168 + 413533 + 5641340 + 48 67 839 50 5606
Na2EDTA /1 eq NaOH/
Na25208 225 348 + 201 60 % 44628 £ 452|299 + 33 63 61 788 36 3 6823
[
226 | 423 £ 25|62 + 414749 + 469|211 1 46 59 864 28 6249
_—
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Appendix D Data for Bach Txpenments at 20°C

— mad

pH Ih Grams
) xperment of Lixiviant | of [ ixiviant | of Liquid Grams
No ( rams pH Fh (alter (iter Associated | Grams | of hquid
I eaching, Solution Sample] 94 RIT | Crams of of of of equubration | cquubrion | with Wet | of dry | sent for
(Lixiviant) No 20°C) sonl Lixiviant | Lixiviant | Lixiviant | with soil) with v 1l) Soil soil | amalysis
DIPA/
4
337 cq NaOH 227 #16 253 2011 80 112 70 32 166 246 612
228 #16 252 2007 70 35 168 246 608
DTPA /4 50 eq NaQH /
Ascorbic Acid 229 #16 248 2048 81 25 67 178 159 242 609
230 "o 252 2063 617 173 162 250 612
DTPA /4 32¢q NaOH /
Na25204 231 #16 248 2080 78 460 74 43 167 251 620
232 #16 250 2080 74 46 163 249 621
DTPA /3 5 eq NaOH /
Hydrogcn Peroxide 233 #16 249 20 58 75 260 65 289 303 251 614
234 #eo 250 2071 66 291 35% 250 615
DTPA /3 50 cq NaOH / . N
Na25208 235 K16 250 16 94 38 1o 40 171 16 253 565
v
236 #16 254 16 84 40 148 161 254 640
NTA /333 cq NaQOH/ ]
Ascorbic Acid 237 #16 253 2012 82 2 59 128 189 253 588
238 #16 251 2021 54 61 198 250 638
NTA /2 68 eq NaOH / |
Na25204 239 #16 249 2051 64 392 54 74 152 244 641
240 #16 249 2064 53 81 154 246 633
NTA /222cqNaOH/H202 | 241 16 247 2040 81 226 88 51 218 238 623
242 #16 252 2039 ° 88 47 202 240 520
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L Appendix D DAt for Batch Experiments at 20°C |
v Total \ Total
Average| Am 241 Average | Pu 239
Am 241 Am 241 Pu 239 Pu-239 Am n Soil Py mn Soil
[ .eachmg, Solution Sample| in Dry Soil | inLiquid | n Dry Soil mLiqud | % Am [Removed| Used %Iu |Removed| Used
(Lixaviant) No (pCil) (pCi/g) (pCu/g) (pCi/g) | Removed] (%) (pC /g) | Removed (%) (pCv/r)
DTPA/
1
337 eq NaOH 227 1407 + 24| 64 + 45148 + 508210 + 24 58 60 874 25 % 668
228 377 £ 22166 + 45102 + 484|229 + 27 61 859 27 6773
DTPA /4 50 eq NaOH / i
130 X
Ascorbic Acid 229 1325 £ 19169 + 5}3096 + 524399 + 43 67 ” 850 54 50 613
230 [ 340 £ 20 68 + 5|3523 + 515|346 + 49 65 853 46 6133
DTPA /4 32 eq NaOH / y
Na25204 231 |29 + 17|72 £+ 52387 + 477262 + 37 71 n 854 50 56 * 4405
232 1290 + 17]70 £ 52602 % 490]465 + 49 70 827 63 6 168
DTPA /35 ¢q NaOH / 233 [364 + 21(66 + 42879 + 435|272 + 32| 66 829 a7 4796
Hydrogen Peroxide 65 50
234 1382 + 22164 £ 42160 % 439256 + 48 65 821 54 3917
DTPA /3 50 eq NaOH /
Na25208 235 1340 £ 20| 73 1 5| 3788 t 541 w._m + 32 63 4 785 37 " 5713
LA}
236 1339 + 20178 + 5{2659 + 494|318 + 46 64 808 46 4 569
NTA /333 ¢q NaOH / ‘
+ 0 41 1 2 5 ¢
Ascorbic Acid 237 1366 + 21| 65 413090 543 67 6 63 835 6 55 6269
»
238 1349 &£ 20165 + 42875 £ 490|365 + 62 64 821 53 5527
NTA /268 eq NaOH / +
1 2 4
Na25204 239 | 285 6177 £ 51272 £ 451|398 + 48 73 75 8N 76 75 4303
240 | 229 + 13178 + 5]1769 + 451489 1 73 78 828 73 5523
NTA/222cqNaOH/H202 | 241 | 481 + 28] 64 + 4 |5557 + 707|202 + 32 56 58 954 24 2% 7051
)
242 1378 + 22|61 + 44449 + 648213 1 32 60 822 29 5999
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Appendix D Data for Batch Experiments at 20°C !

pH Eh Grams
Expenment of Lixiviant | of Lixiviant | of Liquid Grams %
No Grams pH Eh (after (after Associated | Grams | of hquid i
I taching Solution Sample] 94 RFP {Grams of of of of equnbration | equubrauon | with Wet | of dry | sent for m
(L 1x1viant) No (20°C) soil | Lixiviant | Lixiviant | T ixiviant |  with soil) with soil) Soil soil | analysis !
NTA /2 18 eq NaOH /
Na25208 243 #17 251 19 65 68 448 41 431 156 501 532
244 #17 251 1970 41 440 153 517 625
NaHCO3/022 eq
NaOH/Ascorbic Acid 245 #17 250 19 88 81 20 72 222 177 505 543
246 #17 251 1998 72 227 169 484 623
NaHCO3/0 12 eq
NaOH/Na25204 247 #17 252 2017 61 % 66 61 184 445 627
248 #17 251 2012 66 63 176 448 621 !
NaHCO3 / Na25208 249 #17 251 19 52 91 332 83 315 165 521 620
250 #17 251 2019 83 322 174 449 621
EGTA /327 eqNaOH / i
Ascorbic Acsd 251 #17 251 2049 80 ..‘ 223 59 147 188 4139 618 _.m
252 #17 250 20 61 59 148 195 405 613 A
§
LCGTA /289 cq NaOH /
Na25204 253 #7 251 2030 60 _ﬁa 60 1 162 443 622
254 #17 251 2039 60 4 171 446 624
EGTA/230eq
NaOH/Na2§208 255 #17 250 2065 33 302 33 351 189 404 619
256 #17 251 20 66 31 358 177 405 619
Na3Cit /053 eq NaOH/
Na25204 257 #17 250 2048 57 22 56 7 172 418 623
258 #17 251 20 54 o 56 0 164 432 565
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Appendix D Data for Batch Experiments at 20°C

——

\ Total v Total
Average| Am 241 Average | Pu 239
Am 241 Am 241 Pu 239 M2y Am in Soil Pu in Soil
Leaching Solution Sample| inDry Soil | mLiqud | n Dry Swil miwuud | % Am [Removed] Used % Pu |Removed| Used
(Lixiviant) No {pCi/g) (pCv/R) (CoR) | (C/g)_ |Removed| (%) (pCVg) | Removed | (%) (eCu/g) |
NTA /218 eq NaOH /
407
Na25208 243 | 364 + 21|66 + 42303 £ 528|246 + 33 62 60 840 47 40 * 8
244 | 373 22162 + 43257 £ 581|195 + 30 59 822 33 4670
NaHCO3/022 ¢cq
4324
NaOH/Ascorbic Acud 245 | 655 39|26 + 23802 + 562} 712 + 13 25 25 843 13 3 32
246 | 604 35124 + 214873 £ 631 81 + 13 25 779 12 5465
NaliC03/0 12 eq . .
NaOH/N425204 247 | 803 47103 4879 + 519 23 + 04 0 0 805 0 | 4 896
248 | 183 46103 + 4262 + 501) 38 + 08 0 785 1 4290
NaHCO3 / Na25208 249 | 761 45103 3705 £ 406 8 1 1 0 0 763 2 ) 3761
250 | 778 46103 £ 3714 £ 4171 8 + 1 0 780 2 3773
EGTA /327 eq NaOH/
Ascorbic Acid 251 | 3714 22158 + 413774 £ 509 :u_m + 33 59 61 804 4?2 37 6119
252 | 356 21165 £ 44721 + 544]262 + 24 64 841 32 6675
EGTA /289 eq NaOH/ + +
Na25204 253 | 243 14171 + 5]2652 + 546|385 + 45 74 75 772 57 62 5523
-
254 | 256 15174 £ 5712332 1 4541492 1 54 75 808 67 6 002
EGTA/230¢q .
NaOF/Na25208 255 | 393 23|48 £+ 3[3682 + 567|157 + 17 53 53 753 21 2% 4 860
256 | 397 23152 £ 412791 & S40{ 112 + 24 54 789 25 3635
Na3Cit /053 eq NaOH /
Na25204 257 | 345 20165 £ 5]2172 + 484405 + 43 64 63 832 64 63 5209
258 | 353 211 64 1 412393 + 415 hama + 38 63 835 62 5587
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Appendix D Data for Buch Experniments at 20°C
pH Eh Grams
Expenment of Lixiviant | of Lixiviant | of Liqud Grams
No ( rams pH Lh (aficr (after Associated | Grams | of hiquid
Leaching Soluuion Sample| 94 RIP |Crams of of of of equubration | equubration | with Wet | of dry | sent for
(Lixivian)) No 20°C) soll Piavintd | Lixavint { D ixnviant | with soil) with soul) Soil soil | analysis
NaHCO3 /0015 ¢q NaOH / 3%
H202 259 #18 132 990 83 177 90 114 104 1335 517
260 #18 131 997 87 113 109 1354 | 488
EGTA /230 ¢q NaOH /3%
H202 261 #18 130 1040 66 284 40 205 104 12971 509
262 #18 130 10 36 40 196 110 13151 487
1% NaOCli /
040 eq H2504 263 H18 132 1024 65 975 39 252 096 1302] 513
264 #18 131 1024 39 259 099 1313 5N
Na3Citrate / 0 76 eq H2S04 /
1% NaOCl 265 #18 131 1057 86 465 86 37 118 134 515
266 #18 130 1043 86 51 117 134 525
Na2EDTA /0 83 eq NaOH /
1% NaOCl 267 #18 131 10 55 74 .u 10 79 45 121 1284} 588
268 #18 130 1048 79 48 119 1301 500
DTPA /401 eqNaOH/ 1%
NaOCl 269 #18 130 10 67 176 88 74 13 129 1286 | 531
-
270 #18 130 1055 74 12 126 1301 516
NTA /220 eqNaOH / 1%
# 0 54 19
NJOC 271 18 13 10 73 104 78 43 119 1291 542
272 #18 131 1044 79 40 119 1290 500
NaliCO3/0 37 eq H2504 / 1%
2 8 30 44 3
NaOCl 73 #1 ] 10 76 888 8 128 106 12 84 507
274 #18 130 1038 83 121 109 1293 507
2
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' Appendix D Data for Batch Experiments at 20°C
v Total ¥ Total
Average| Am 241 Ayerage | Pu 239
Am 241 Am 241 Pu 239 Pu 2% Am n Soul Pu mn Sl
[eaclung Solution Sample| n Dry Sonl | w Ligud | 1n Dry Sl mbiqud | % Am |Removed] Used % Pu |Removed| Used
(1 ixiviing) No (pC g) (Cug) | (pC/g) (L g)  JRemowvd]| (%) (pCi/g) | Removed | (%) (pCy/g)
NalCO3/0015eqNaOH/3%l 559 1976 + 57| 1 + 05859 + 71| 11 & n| 1 983 1 5933
H202 1 1
260 1970 £ 57| 2 £ 06311 £ 692] 11 % 11 1 980 1 6385
EGTA /2 30 eq NaOH / 3% .
1202 261 442 £ 26|61 + 414757 £ 5721222 £ 30 55 57 882 28 2 6359
262 {404 + 24161 + 4]5319 + 556227 + 38 58 839 26 6937
19 NaOCl/
040 cq H2504 263 | 850 £ S0| 7 £ 1]4713 + 602 54 £ 16 6 5 900 8 2 5093
264 {1068 + 631 5 + 115264 + 614§ 43 + 16 3 1102 6 5567
Na3Citraie / 0 76 ¢q H2SO4 /
19% NaOCl 265 {610 36135 £ 3]2563 & 411140 + 22 33 13 862 32 3 3858
266 | 572 + 34133 £ 22537 £ 392|132 + 22 33 807 30 3918
Na2FDTA /0 83 ¢q NaOH /
1% NaOCt 267 | 409 £ 24|57 + 43855 458 ,.Ncu + 2 56 57 816 31 30 5320
268 | 439 + 2663 + 43647 £ 466]173 1+ 40 57 891 29 4 888
DTPA /4 01 cq NaOH /1% +
NaOCl 269 {403 + 23162 + 414105 £ 5411250 £ 25 60 60 851 35 31 5913
-
270 1389 + 23162 + 4 (4843 + 480]208 t 40 60 832 27 6330
NTA /220 cq NaOH/ 1% - .
N4OCl 271 | 419 £ 26| 51 + 314389 + 545348 + 43 53 50 786 41 9 6 895
272 | 437 £ 26)146 £ 33759 + 5391319 t 57 48 761 42 6 006
NaHCO3/037¢qH2S04/1%} 503 1 g9 4 53] 2 + of5047 + 527] 18 + 3| 2 903 3 5177
NaOCl 2 4
274 |903 + 53] 3 + 15238 + 481 30 + 5 3 924 4 5453
o
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Appendix D Data for Batch Expenments at 20°C
pH Eh Grams
Expenment of Lixiviant | of Luaviant | of Ligquid Grams
No Grams pH Eh (after (afier Associated | Grams | of hquid
[ caching Solution Sample] 94 RIP [Gramsof| of of of equubration { equubration { with Wer { of dry | sent for
(I ixivint) No (20°C) soil | Lixiviant | I ixiviant | Lixiviant | with sotil) with soil) Soil soil | analysis
EGTA /238 cq H2S04 /1%
NaOCl 275 #18 134 1028 79 % 81 186 127 1309) 503
276 #18 131 1012 80 186 131 1340 504
t
~N
L
%
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Appendix D Data for Batch Experiments at 20°C

v Total V¥ Total
A ecrage | Am 41 Average | Pu 239

Am 241 Am 241 Pu 239 My 29 Am i Soul Pu m Sl

Leaching Solutwon Sample] mDry Sl | mLignd | i Dry Sanl mbigml % Am |Removed] Used % Pu |Removed} Used
(Lixiviant) No (pCilh) (14 1/p) (PC/R) @Ci) |[Rmovd] (%) (€ ug) | Removed (%) (pCi/g)

EGTA /238 eq H2S04 /1%

NaOCl 275 | 729 + 43|32 + 26437 + 7581103 £ 11 26 27 944 11 12 7130

276 1 646 + 38]32 + 2)5647 £ 707|111 £ 35 29 862 13 6396

-
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Appendix ID Data for Baich Expenments at 80°C
pil kh Gruns Gramsof | Grams
I xpenment of L ixsviant | of | ixiviant | of Ligmd Extractant +|  of
No Grams pi th (after (aficr | Associaud | Grams| Aq Soln [extractant
Leaching Solution Sample | 924 RIP | Grams of of of equubration | equuthration| with Wet | of dry | (to prevent | nlq
(I iaviani) No (20°C) _[of soil} L ixiviant | Lixiviant | Lixiviant| with soil) | with soul) Soil soil cvap) | analyzed
Citric Acid 219 #19 253 | 1924 18 322 23 215 187 24) 588 491
280 #19 254 1932 24 214 144 242 592 495
Ciutric Acid / 1 eq NaOH 281 #19 252 19 86 32 343 34 298 162 240 602 502
282 #19 249 1764 35 295 148 237 603 502
Cunic Acid / 2 eq NaOH 283 #19 252 1709 44 269 49 265 204 24] 603 502
284 #19 252 ] 2013 49 267 216 2138 602 503
Sodium Citrate 285 #19 Missing Sample
286 #19 252 19 84 80 234 87 125 200 243 605 507
EGTA /2 eg NaOH 287 #19 251 2024 60 ' 318 50 27 164 249 639 538
- ~
288 #19 254 2024 49 25 157 250 630 529
EGTA /3 eq NaOH 289 #19 251 2019 89 167 87 -43 156 248 636 534
290 #19 249 ] 2024 87 42 159 243 636 537
EGTA /35 eq NaOH 291 #19 248 | 2051 92 ;.: 92 54 161 243 635 535
292 #19 248 | 2050 92 55 157 240 503 403
EGTA /4 ¢q NaOH 293 #19 2491 2052 99 44 97 77 173 242 644 543
294 #19 253 ] 2048 98 78 163 245 645 544
a
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Appundix D Dt for B uch Fxperiments at 80°C
\: N\ Total
Average|  Total Average| Pu 239
Am 241 | Am 4l Pu 239 Pu 239 Am |Am 241 Pu m Soil
Leachung, Solution Sample | m Dry Soil | mDaquud | Iy Soal m L gqud % Am |Removed| Soil Used | % Pu [Removed| Used
(Laixiviany) No {pC /) < vp) (< g) (€ /g) |Removed] (%) (pCv/g) |Removed] (%) (pCi/g)
Citric Acd 279 |447 + 26| 27 + 2 |2253 + 404351 + 43 37 36 669 62 6 5143
280 (441 + 261 26 + 2 |1915 £ 360|330 + 40 36 660 64 4 694
Curic Acyd / 1 eq NaOH 281 | 347 + 20{ 40 + 3 |2836 £ 491|289 + 32 54 5 694 51 57 » 5342
282 |351 +20f 38 + 3|1782 + 480} 311 + 38 50 647 63 4205
Citric Acid /2 eq NaOH 283 | 267 + 15] 57 + 4 {2374 + 423|324 + 37 69 7 676 56 53 4699
284 (219 % 13} 48 + 3 {2225 + 457|308 + 40 73 628 61 4 850
. 2
Sodium Citrate 85 i _ 42 0 35 0
286 [430 + 25] 31 + 21908 + 462|103 + 22 42 692 35 27718
EGTA /2 cq NaOH 287 [257 £ 15| 50 & 32314 + 361|211 t 32 69 69 697 48 " 4173
288 [250 + 14] 52 + 312731 + 424|146 + 22 70 705 35 4008
EGTA /3 eq NaOH 289 1275 + 16| 50 + 314104 £ 564 146 + 22 67 . 716 26 31 5393
290 |283 £+ 16| 50 + 4 |3176 + 421|173 + 24 66 7217 35 4714
EGTA /3 5 ¢q NaOH 291 316 £ 18| 56 + 4 {3,549 + 488}122 + 19 67 64 822 26 27 4 652
292 |319 + 18| 45 + 33902 £ 4151140 % 32 62 747 28 5235
EGTA /4 ¢cq NaOH 293 1294 + 17]1 44 + 3 ]|2564 £ 415} 95 + 16 62 64 687 27 28 3413
294 1292 £ 17| 50 + 312726 £ 484|108 + 22 65 733 28 3679
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Appendix D DAta for Bach T'xporiments at 80°C
pi Ih Grams Grams of | Grams
I xpenment (lLiviant | of I ixivaint | of Liquid Exiractant +| of
No ( runy pH Lh (afler (2ficr Associated | Grams| Aq Soln 35_08:_;
Leaching Solution Sample | 94 RIP | Graums of of of quubraton | cqunbrion | with Wet | of dry | (to prevent | inlg
(Lixtviant) No Q0 C) lofsmbf Lixiviut | Tixiviant | Lixiviant ] asthsoil) | wnd sl Soil soil cvap) | analyzed
Na2EDTA 2 2 -42 154 2 591 490
a2 95 #20 531 1939 49 268 56 37
296 #20 252 19 39 56 -44 171 237 625 525
Na2EDTA / 1 eq NaOH 297 #20 248 | 1975 81 In 83 87 182 240 617 519
298 #20 251 19 65 83 88 179 236 616 519
Na2EDTA /2 eq NaOH 299 #20 251 1977 10 57 102 62 163 240 616 516
300 #20 254 1976 103 64 177 242 620 520
W‘:; /2 eq NaOH 301 #20 249 19 87 33 340 38 3 174 2138 627 525
302 #20 248 19 82 38 5 186 239 619 518
DTPA /3 ¢q NaOH 303 #20 254 1990 49 286 67 32 177 243 593 492
304 #20 2471 1985 66 31 178 238 614 514
DTPA /4 ¢q NaOH 305 #20 2461 1993 89 123 89 16 168 240 618 516
306 #20 Misstng, S wnple
DTPA /5 eq NaOH 307 #20 252 | 1891 104 3 103 57 162 247 620 520
308 #20 250 1992 103 57 158 274 613 512
Dl Water 309 #20 2471 1938 57 7 79 179 185 244 59 494
310 #20 2491 1933 79 174 210 247 598 498
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Appendix D Data for Batch Expeniments 1t 80°( k

¥ ¥ Total

Avuape]  Toaal Average} Pu 239

Am 241 Am 24] Pu 239 Pu 239 Am |Am 241m Pu in Soil

Leaching Solution Sample | in Dry Soil | m Ligud | m Dry Soil tn Ligquid % Am |Removed] Soil Used| % Pu |Removed| Used
(Lixiviant) No (L) (pCi/p) (pLy/g) (pCi/g) Rcemoved] (%) (pCy/g) |Removed] (%) (PCi/g) |

Na2EDTA 295 {197 £ 11| 62 + 4 [2121 £ 6291278 + 32 79 25 724 57 57 4 483

296 1202 + 12145 + 3 |2249 + 536|283 + 43 7 578 56 4611

Na2EDTA / 1 eq NaOH 297 | 254 £ 15158 + 4 (2298 + 423|179 + 27 73 7 753 44 0 3838

298 1249 % 14| 55 + 412830 + 512] 184 + 24 72 715 39 41387

NaZEDTA /2 eq NaOH 299 | 282 + 16 45 £ 3 13301 £ 387[159 + 24 63 4 670 32 1 4673

300 1283 £ 16| S0 1+ 3 (3159 + 378|173 + 24 66 706 35 4623

DTPA /2 eq NaOH 301 195 £ 11) 57 £ 413903 + 625}432 + 54 79 79 691 54 62 7659

302 207 £ 12| 60 + 412029 + 556] 405 + 45 79 726 70 5531

DTPA /3 cq NaOH 303 | 241 £ 14| 60 1 4 |2540 £ 427] 211 £ 30 75 75 758 46 48 4359

304 1227 £ 13] 55 + 4 |2041 £ 419] 197 + 32 75 709 50 3766

DTPA /4 eq NaOH 305 |295 £ 171 51 + 312402 £+ 620|378 + 22 66 66 0 748 64 64 0 5756

300

DTPA /5 eq NaOH 307 |283 + 16| 53 + 4 um|_~ t 594|195 + 27 66 66 717 36 38 4 808

308 1280 + 16| 48 + 3 |2662 + 442|178 + 24 65 702 40 4227

DI Water 309 [ 684 + 40| 08 +03|6340 + S587| 8 + _ 1 | 691 1 : 6408

310 700 £ 41p 11 1203|6128 + 5101 8 + _ 1 709 1 6194
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Appendix D Data for Batch Expeniments at 80°C

pH Ch Grams Gramsof | Grams
I xpenimeni| of Lixiviant | of Lixiviant | of Liquid Extractam 4]  of
No { runs pH Eh (afier (afier | Associated | Grams| Aq Soln ou:ﬁnsa.f
Leachng Solution Sample | 94 RIT | Grams of of of equnbrauon | equubration| with Wt | of dry | (toprevent | nlq
(1 1x1viam) Na (20°C) [ of soul] Lixiviant | Lixiviant | Lixiviant]  with soil) with soil) Soil soul evap) | analyzed
2 M Sodium Carbonate n #21 251 ] 2312 114 13 108 177 145 270 724 614
312 #21 252 ] 2304 108 170 144 270 718 610
Sodium Carbonate 313 #21 251 1915 112 176 100 24 169 238 615 522
4 #21 2501 1969 101 25 181 239 615 528
B 1 #2 24 1972 8 4 44 24
Sodwum Bicarbonate 315 1 9 97 83 196 5 8 165 2 6217 5
316 #21 252} 1969 86 84 17 245 627 524
005 M NTA / 1 eq NaOH 317 #21 251 19 65 26 186 57 126 187 244 622 528
318 #21 247 1961 57 140 186 237 618 524
008 MNTA /15 cq NaOH 31y #21 250 1 1967 28 186 54 90 166 237 646 551
320 #21 251 1964 54 40 185 239 652 557
NTA /2 cq NaOH 321 #21 252 | 1974 36 344 63 38 244 244 643 550
2 #21 253 1971 63 21 248 245 644 549
NTA /25 eq NaOH 323 #21 253 | 1978 86 178 73 95 274 246 645 548
324 #21 250 1977 74 93 265 245 639 543
NTA /3 eq NaOH 325 #21 253 1974 103 61 97 24 168 242 643 542
326 #21 251 1971 97 28 180 241 624 537
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Appendix D Data for Batch Fxpeniments it 80°C
¥ ] Total
Average| Total Average| Pu 239
Am 241 Am 24| Pu2)Y a 299 Am |Am 241 m Pu mn Soil
Leaching Solution Sample | inDry Soil | mnLwqmd | Lxy Sl m Liguid % Am |Removed| Soil Used | % Pu |Remaved| Used
(Lixiviant) No {pCi/g) /) | L) (X t/g) | Removed] (%) (pCv/g) [Removed] (%) (pCig) |
2 M Sodium Carbonate 311 }496 £ 29] 12 £ 113749 + 592] 78 % 14 21 20 618 19 8 4,542
312 |527 £ 311 11 £ 10}3421 + 526] 70 + 14 19 638 18 4128
Sodium Carbonate 313 |718 + 42| 28 £ 02|4265 + 557] 16 + 11 3 3 741 3 2 4396
314 | 737 + 43} 27 +02]4697 £ 566] 8 + 8 3 759 2 4764
Sodium Bicarbonate 315 | 698 + 41]1 07 £03|3705+ 440} 3 * 1 1 | 704 1 | 3733
316 | 696 £ 41|03 + 4372 + 436| 8 ¢ 0 699 2 4 440
005 M NTA /1eq NaOH 317 {281 £ 16) S3 + 312919 & 512} 257 + 24 68 9 723 47 51 5062
318 | 266 £ 15) 56 + 42351 + 465]270 % 24 71 741 55 4 642
008 MNTA /15 ceq NaOH 319 1231 £ 13) 55 + 412159+ 382]1332 + 27 73 75 696 62 56 4964
J
320 235 + 14| 63 + 412273 £ 396] 227 + 28 76 759 50 4160
NTA /2 ¢q NaOH 321 246 + 14] 60 4 |4041 £ 506|275 t 35 76 75 728 40 44 6 250
322 236 + 14] 56 1 413229 + 460|297 * 40 75 683 48 5599
NTA /2 5 ¢q NaOH 323 | 282 £ 16| 56 + 312277 + 380} 297 + 30 n 7 726 59 58 4 629
324 | 273 £ 16} 56 + 3 12071 £ 335[/259 t 34 72 724 58 4157
NTA /3 ¢q NaOH 325 (340 £ 20| 50 + 3 3757+ 657 92 + 19 61 & 763 19 7 4 536
326 302 £ 171 S! + 314628 + 6131 161 + 22 64 726 25 5966
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_ Appundix D Data for Batch Fxperiments at 80 C
pH Eh Grams Grams of | Grams
Lapeniment of Lixiviant § of Lixsviant | of Liquid Extractant +| of

No Grams pH Eh (after (aftcr Associated | Grams} Aq Soln |cxtractant
Leaching, Solution Sample | 94 RIT | Grams of of of equubration | equubration{ with Wet | of dry | (to prevent| 1nlg

(Lixiviant) No (20°C) Jof soil] I ixeviant | 1 waviant | Lixiviant] wath soil) | with so1l) Soil sotl cvap) | analyzed
Ascorbic Acud 327 #22 2521 2006 26 136 39 86 170 248 638 536
328 #22 2511 2002 39 88 153 244 639 537
Duthionite 329 #22 2521 1935 31 286 40 92 175 248 634 532
330 #22 250§ 1965 40 111 145 246 628 519
Hydrogen Peroxide 331 #22 2491 1970 43 182 41 157 156 229 608 507
332 #22 251 19 57 47 153 146 226 645 544

# 252 21
NaOCi 333 22 5 59 109 625 69 114 117 247 659 550
334 #22 252 2159 71 114 140 248 653 543
: #22 251} 2029 2 3 138 23 616

Persulfate 335 5 50 444 0 36 39 514
336 #22 250 2025 18 361 176 236 612 510
Na3Curate / Ascorbic Acid 337 #22 249 2007 52 25 54 177 188 242 669 566
338 #22 252 2004 54 182 192 246 661 558
Na3Citrate / Dithiomite 339 #22 252} 2057 60 540 64 248 153 243 661 557
340 #22 250 20 60 64 246 166 243 662 558
Na3Citrate / Hydrogen Peroxide] 341 #22 2501 2019 75 240 83 28 222 235 653 550
342 #22 252 2034 82 26 211 238 659 556
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Appendix D Dat1 for Baich Experiments at 80°C
\ N Total
Average| Total Average| Pu 239
Am 241 Am 241 Pu 239 Pu 239 Am |Am 241 Pu in Soil
Leaching Solution Sample | in Dty Sl | mLiquid | w Dry Soil in Liqud % Am |[Removed| Sotl Used | % Pu |Removed] Used
(Lixiviant) No (pCa/g) (pC/g) {(pCy/g) (PCiy/z) |{Removed] (%) (pCi/g) |Removed] (%) Gn_\mr

Ascorbic Acd 327 {583 £+ 34176 £06]4134 £ 493} 40 + 8§ 11 10 649 8 10 4 480
328 623 + 37165 +07|4616 + 487| 59 + 18 9 680 11 5134
Dithionite 329 {715 + 42] 04 £ 02]5098 + 640| 32 * 14 1 | 718 1 0 5125
336 | 773 £ 45| 05 £ 02}4361 £ 621| 19 £ OS5 1 777 0 4378
Hydrogen Peroxide 331 | 728 £+ 43|03 5313 £ 476| 30 + 06 0 0 731 1 | 5339
332 [724 + 4303 4901  516] 5 0 727 1 4944
NaOCl 333 | 667 + 39|37 +04[4303 £ 392] 62 + 24 5 6 703 13 is 4904
334 1657 £ 39|38 +03]4067 £ 429] 718 t 40 6 694 17 4 820
Persulfate 335 (289 £ 17] 51 £ 3 (3864 £ 496] 159 + 27 66 66 749 29 95 5299
336 294 + 17| 52 + 3 |3928 & 456 108 + 13 67 755 21 4 886
Na3Citrate / Ascorbic Acid 337 |218 £ 13] 50 £ 42191 & 405|178 + 21 74 7 657 45 51 3725
338 1242 + 14| 53 + 41738 + 338) 208 t 27 72 694 56 3510
Na3Cutrate / Dithionite 339 [260 + 15] 47 + 3 |2045 & 314|255 + 22 67 67 682 57 57 4334
340 277 + 16| 48 + 3 |2457 + 363|290 % 33 66 709 56 5064
Na3Citrate / Hydrogen I eroxidd 341 445 £ 26| 31 + 2 |2346 £ 4771175 + 27 42 0 709 44 40 3838
342 1458 + 27| 32 £ 23477 £ 505|202 + 32 42 732 37 5209
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Appendix D Data for Baich Experiments at 80 C
pH Eh Grams Gramsof | Grams
Expenment of Lviant | of Lixiviant | of Liqumd Extractant +f  of
No Grams pH Eh (aher (after | Associaied | Grams| Aq Soln axS.oSJ
I e whing Solution Sunpic | 94 RFP |Grams of of of equnbration | equubration| wath Wet | of dry | (topreventt inlq
(I avit) No (20 ©) Jofsol| Lixaviant § Lixiviant { Laxiviant| withsoil) | with soil) Soil so1l cvap) |analyzed
Ascorbic Acid/ 1 eq NaOH 343 #23 252 2010 56 34 66 195 140 248 621 520
344 #23 252 2009 66 196 142 247 639 538
NadCit/1eq NoOH/ Ascorbic| 5,5 | 4y | 252 | 2042 12 74 18¢ | 24a| 625 | sm
Aud 70 54
346 #23 250 | 2045 12 227 189 244 629 524
Na3Curate / )
Persulfate 347 #23 252} 2070 77 419 50 9 155 244 639 536
348 #23 249 | 2072 51 5 153 239 6135 5313
03MNa3Cu /001 M ] ]

NaHCO3 /0 5 M Dithiomte 349 #23 251 2141 60 560 58 199 143 247 6 56 548
350 #23 251 2143 58 199 133 249 649 541

Na2EDTA /2 ¢q NaOH /
Ascorbic Acid 351 #23 250 20 56 76 99 74 228 152 238 645 542
352 #23 2501 2057 74 229 153 238 6136 534

Na2EDTA /1 eq NaOH /
Dithionite 353 #23 252 | 2054 69 09 65 110 147 238 643 539
354 423 2501 2060 65 111 149 236 640 537

Na2EDTA /1 eq NaOH /
Hydrogen Peroxide 355 #23 249 | 2058 85 169 75 49 219 237 623 521
356 #23 253 ) 2057 75 46 188 241 628 525

Na2CDTA /1eq NaOH/ C

Na25208 357 #23 249 1 2061 47 403 63 76 210 240 623 520
358 #23 249 2063 63 77 217 243 616 513
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Appendix D Data for Batch Experiments at 80°C
v V[ o
Avirage| Toal Average| Pu 239
Am 241 Am 241 Pu 239 Pu 239 Am |Am 241Im Pu in Soil
Leachung, Solution Sample | m Dry Soil | inLiguid |  Dry Soil in Liquid % Am |Runoved| Soil Used | % Pu |Removed| Used
(L rxaviany) No (Cvg) | (pCug) (pCv/g) (pCyg) | Removed| (%) i/g) [Removed] (%) | (pCvg)
Ascorbic Aad /1 eq NaOH 343 398 + 23| 31 t 22678 £ 466 76 t 19 44 45 673 22 30 31351
344 | 413 + 24] 34 + 214241 + 697|260 % 36 45 713 38 6,531
Na3Cit/Teq NON /Ascorbic| o0 1310 4+ 18] 46 & 3 2612+ 483172 + 24| 62 716 40 4129
Acd 61 40
346 318 £+ 18] 42 + 33278 + 516]205 + 21 60 692 39 5105
Na3Citratc /
Persulfate 347 211 £ 12| S8 + 4 [2607 + 469)332 + 33 7 7 737 58 57 5616
348 1214 £ 12| 56 + 4 |2417 + 486|277 + 31 76 730 55 4 968
03M Na3Cut/001 M .
NaHCO3 /0 5 M Dithiomte 349 1249 + 14| 54 + 4 |1,527 + 489|457 + 46 72 70 765 79 68 t 5895
350 1287 £ 17]| S0 + 312249 + 450|267 + 32 67 767 57 4814
Na2EDTA /2 ¢y NaOH / ¢
Ascorbic Acid 351 207 £ 12] 56 + 4]2987 £+ 545[1314 + 32 77 7 715 53 59 + 5835
352 186 + 11| 53 £+ 42369 + 430} 405 + 49 78 668 66 6 (49
NaZEDIA/VCANAONT | ygy | 107 4 g 58 & 4 |2596 + 483] 316 + 32| 84 671 56 5451
Dithionite 83 60
354 167 L 9161 £ 42318 + 395|370 1+ 49 83 722 64 5687
Na2EDTA / | eq NaOH / )
Hydrogcn Peroxide 355 308 + 18} 48 + 3 (4097 + 694] 124 + 16 65 62 732 24 28 5194
356 342 + 20| 46 + 3 {2700 + 536|127 + 19 60 748 32 3822
Na2EDTA /1 ¢q NaOH / .
Na2S208 357 |341 £ 20| 43 + 313349 + 582|227 &+ 130 59 56 723 42 39 5368
358 |441 1 26045 + 314028 + s68]215 1+ 22 53 841 36 5941
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Appendix D Data for Batch Fxperiments at 80°C
pH Eh Grams Grams of | Grams
Expeniment of Lixiviant { of Lixiveant| of Liguid LCxvactant +|  of
No Grans pH Eh (afer (after Associaicd | Grams| Aq Soln lextractant)
Lo whing Solution Sample | 94 RFP | Grams of of of equnbrauon | cquubraton| with Wet | of dry | (to prevent | nlg
(1 ixiviant) No (20°C) | of soil| Lixiviant | Lixiviant | Lixiviant] with soil) | wiath soil) Soil soil cvap) |analyzed
DTPA/
584
337 cq NaOH 359 #24 251} 2043 80 180 74 103 134 240 6 86
360 #24 251 2048 74 100 152 2138 617 515
DTPA /4 50 eq NaOH /
Ascorbic Acid 361 #24 252 | 2047 80 200 69 202 146 235 612 509
362 124 2521 2059 69 200 139 230 709 607
DTPA /4 32 ¢q NaOH/
Na2$204 363 #24 250 ] 2088 81 671 65 163 144 233 706 603
364 #24 2501 2078 65 161 144 231 746 643
DTPA /3 5¢q NaOH /
Hydrogen Peroxide 365 #24 252 2040 80 21 74 18 209 231 619 517
366 #24 251 2052 74 10 219 238 723 620
DTPA /3 50 eq NaOH /
Na25208 367 #24 250 2069 80 193 51 34 165 239 6 81 578
368 #24 252 | 2078 51 33 168 241 6 66 565
NTA /333 ¢q NaOH/ ] ] ]
Ascorbic Acid 369 #24 250 | 2050 80 - 70 190 151 237 629 527
370 #24 250 | 2046 70 190 150 236 633 531
NTA /268 eq NaOH /
Na25204 n #24 249 ] 2040 80 668 64 71 140 236 624 523
372 #24 250 2052 62 56 149 234 625 523
NTA /2 22 ¢q NaOH / H202 KYK] #24 249 2025 80 214 76 35 125 231 609 508
374 #24 249 | 2039 71 38 242 233 591 490

D 30

:

e

I



S, - L — Rid e L ) L —
Appendix D Data for Batch Experiments at 80°C
¥ ¥ Total
Average Fowal Average| Pu 239
Am 241 | Am 24) Pu 239 Pu 239 Am |Am 241 Pu n Soil
Leaching Solution Sample | in Dry Sotl | inliqud | n Dry Soil in Laquid % Am |Removed| Suil Used | % Pu |Removed] Used
(L 1x1viang) No (pCi/g) {pCi/g) (pCi/g) (pCug) | Removed| (%) (pCvg) |Removed| (%) @Ci/g)
DTPA/ C
1
337 cq NaOH 359 1228 + 13} 52 + 412520 + 485|300 + 32 72 24 692 55 52 519
360 224 + 13} S8 + 4 }2041 % 398}193 + 24 76 748 50 3784
DTPA /4 50 cq NaOH /
)
Ascorbic Ackd 361 223 + 13| 61 + 4 |2134 £ 426]316 = 32 77 26 716 62 53 1 5001
362 1192 £ 11} 52 + 4 ]3940 + 551317 + 31 76 656 45 6769
DTPA /4 32 eq NaOH /
Na25204 363 102 £ 35| S8 + 4 |1870 £+ 289} 311 + 32 90 86 631 65 68 4707
364 | 167 £ 10| 57 £ 4 | 1882 + 3401400 * 51 81 679 71 5474
DTPA /3 5eqNaCH/ ;
Hydrogen Peroxide 365 1269 £ 16| 52 * 412139 + 399) 121 + 18 70 20 723 37 18 3194
366 1273 £ 161 53 + 4 |2329 + 383} 148 * 27 70 725 39 3590
DTPA /3 50 «q NaOH / p p
Na25208 367 | 195 £ 11| 53 + 412411 & 426|227 + 1Y 77 7 671 50 58 4449
368 1207 £ 12155 + 41677 £ 353}290 = 32 7 700 66 4276
NTA /333 eq NaOH /
Ascorbic Acid 369 |228 £ 13} 58 + 41680 + 351|232 + 21 75 25 755 60 61 3788
370 1228 + 131 55 + 412488 + 415]362 * 42 74 724 61 5755
NTA /268 eq NaOH /
Na25204 37 | 191 £ 11765 + 40951 + 601]286 + 18 81 %0 783 79 28 3,554
372 1198 + 11] 61 + 4]1221 + 823|328 + 37 79 752 77 4202
NTA /2 22 eq NaOH / H202 373 |283 L+ 16} 47 1 312485 + 366 162 1 21 64 65 713 40 43 3966
3714 1294 + 17148 £ 312298 1+ 370] 181 + 24 67 711 46 3872
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Appendix 1D Data for Bawch | xpenments at 80°C
pH Eh Grams Grams of | Grams
Experiment of Lixaviant | of Lixiviant | of Liquid Extractant | of
No Gruns pH Lh (after (aficr | Associaicd | Grams| Aq Soln |cxtractani
Leaching, Solntion Sample | 94 RFP | rams of of of equubrauion | equiibration| with Wet | of dry | (lo prevent| nlq
(Laxiviant) No (20°C) Jofsol] 1 ixovint | Lixiviant { Lixiviant| with soil) | wath soil) Soil £ sonl cvap ) | analyzed
NTA /218 c¢q NaOH /
544
Na25208 375 #25 2511 2047 82 23 29 283 153 245 646
376 #25 253 | 2037 29 280 152 243 615 5h
NaHCO3/0 22 ¢q
NaOH/Ascorbic Acid 377 #25 255 2007 81 I 71 209 157 252 619 519
378 #25 2491 2004 71 217 154 247 615 515
NaHCO3/0 12 ¢q
NaOH/Na25204 379 #25 249 | 2022 80 662 71 70 161 248 611 512
380 #25 249 ) 2020 71 66 153 247 613 S|4
NaHCO3 / Na25208 381 #25 250 | 2025 80 288 22 327 145 240 579 479
382 #25 249 | 2025 22 325 145 239 615 513
EGTA /327 ¢q NaOH /
Ascorbic Acid 383 #25 250 | 2051 80 202 62 167 134 244 639 551
384 #25 250 2047 62 168 134 244 594 491
EGTA /289 cq NaOH / ]
Na25204 385 #25 251 2065 80 666 64 32 132 244 691 590
386 #25 249 ) 2070 64 39 133 244 667 565
EGTA/230¢q
NaOH/Na25208 387 #25 249 | 2066 80 2%1 29 207 155 246 602 500
388 #25 250 § 2070 29 205 165 248 597 495
Na3Cit /053 eq NaOH / ]
Na25204 389 #25 250 | 2049 78 660 67 105 131 242 599 497
390 #25 248 | 2051 67 141 140 240 595 493
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Appendix D Dt for Bach T xpeniments at 80°C
v V[ Toul
Average| Total Average| Pu 239
Am 241 Am 241 M 2319 TWik Am |Am 241 Pu n Soil
I cachiny, Solutiun Sample | in Dry Soil | 1L igued | n Dry Soil mn Liquid % Am |Removed| Soil Used | % Pu |Removed| Used
(Lixiviant) No (pCup) (pC o) (pCv/g) (pCy/g) | Removed] (%) (pCv/g) [Removed] (%) (pC/g)
NTA /2 18 eq NaOH /
4
Na25208 375 1481 £ 28} 22 + 2]2545 + 4097240 + 24 3] 12 678 49 59 469
376 }501 £ 29| 24 + 2 ]2222 + 429|435 + 49 32 716 69 6126
NatICO3/0 22 ¢q
NaOH/Ascorbic Acid 377 435 £ 25} 32 + 2 |2870 £ 485|137 + 21 42 42 711 32 28 4053
378 | 428 + 25] 30 + 2 3841 + 532|127 + 18 42 694 25 4967
NaHCO3/0 12 cq
NaOl/Na25204 379 1677 £ 40) 11 £02|459% + 633] 81 £ 30 2 i 687 2 5 4 668
380 682 £ 40} 09 £ 0313796 + 535] 69 + 08 1 690 2 3858
NaHCO3 / Na2§208 381 362 + 21| 40 £+ 3 (3244 £ 5511 62 + 13 54 54 725 16 2 3807
382 | 367 £ 21] 41 + 3 (2413 + 499116 + 13 54 738 33 3462
EGTA /327 ¢q NaOH/ oec
Ascorbic Actd 383 252 £ 14] 65 = 4 |2959 + 447|303 + 33 74 76 829 51 53 5648
384 1227 + 13] 64 1 4 |2666 £ 404] 298 + 31 77 819 54 5423
FGTA /289 cq NaOH / ; ono
Na25204 385 166 £ 10] 57 4 4 {1909 1 2541305 + 30 81 81 681 61 10 * 4 665
386 178 £ 10] 61 + 4 |1709 £ 324|467 + 58 81 738 76 5999
EGTA /230 ¢q
NaOH/Na25208 387 1238 £ 14] 55 + 472499 £ 501|240 = 25 74 - 746 s1 48 4717
388 | 248 + 141 50 + 3 [2882 + 467|231 t 21 71 709 46 5010
Na3Cit/0 53 cq NaOH / N ‘
NJ25204 389 314 + 18] 40 £ 3 |2057 £ 422]214 + 22 58 61 684 52 53 4037
390 | 289 + 17| 46 + 3 [2485 + 412|268 + 33 64 77 54 4978
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Appendix D D for Batch Expenments at $0°C
pH Eh Grams Grams of | Grams
Experiment of Lixiviant | of Lixxiviant | of Liquid Extractant +]  of
No Grams pH Eh (afier (after Associated | Grams| Aq Soln [extractani
Leaching Solution Samplc | 94 RFP |Grams of of of equnbration | equubration | with Wet | of dry | (loprevent | nlq
(Lixiviant) No (20°C) |[of soil| Lixiviant | L ixiviant | Lixiviant| with soil) | wath soul) Soil soil cvap) |analyzed
NaliCO3 /0 015 eq NaOH /3%
2 4 4 12 231 586 487
H202 391 #26 25 1915 81 175 9 146 9 8
392 #26 250 | 1938 88 179 131 227 606 506
EGTA /230 ¢q NaOH /3%
39 2 2032 4 122 132 22 592 496
H202 3 #26 50 03 80 192 3 3 5 9
394 #26 250 ] 2033 43 132 135 243 600 500
1% NaOCl/
040 cq H2504 395 #26 250 | 2025 81 489 48 288 133 238 603 503
396 #26 252 2027 49 292 138 238 604 504
Na3Citrate /0 76 cq H2504 /
1% NaOCl 397 #26 2511 2062 81 202 91 90 149 243 615 514
398 #26 251 | 2068 92 94 148 245 609 508
Na2EDTA /083 ¢q NaOH / ;
1% NaOCl 399 #26 252 | 2053 82 359 87 50 140 242 596 494
400 #26 2501 2052 81 72 141 241 695 593
DTPA /4 01 eq NaOH / 1%
NaOCl 401 #26 252 ) 2065 82 4 83 23 147 244 602 500
402 #26 251 2064 79 35 146 245 601 499
NTA /220cqNaOH/ 1%
4 #2 250 ) 2052
NaOCl 03 6 5 0 81 189 80 70 147 241 602 500
404 #26 250 | 2044 82 67 150 241 595 493
NaHCO3 /037 c¢q H2S04 / 1%
4 #26 2491 204 1
N4OCl 05 0 81 898 88 153 33 238 589 489
406 #26 251 | 2041 81 176 138 239 591 491
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Appeadix D Dt tor Buch | xporiments at 80°C
¥ ¥ Total
Average| Total Average | Pu 239
Am 241 Am 24| Pu 239 Pu 239 Am [Am 241 Pu 10 Soil
Leacting Soluuon Sumple | m Dry Soil | 1 Ligusd | i Dry Sl m 1 xpsd % Am |Removed| Soil Used | % Pu {Recmoved] Used
(1 1x1viani) No (pCvg) (pCv/g) Cuv) | (M wg) |Removed] (%) (pCvg) |Removed| (%) (pCi/g)
NallCO3/0015eqNaOH/3%| 0, 1965 + as|oa + _ 3857+ 5|54 + 28] o 768 | 3903
H202 0 1
392 | 746 + 44104 + _ |4681 £ 59542 % 07 0 749 1 4717
EGTA /2 30 e¢q NaOH / 3% p
427
H202 393 | 256 + 151 47 + 3 12281 & 474{219 + 23 67 68 683 50 16 3
394 1242 £ 141 49 £ 3 |3122 £ 554|216 + 27 69 688 41 5090
1% NaOCl/
040 cq 112504 395 1739 + 43|35 £ 0615998 + 629] 32 + 8 4 5 771 5 5 6288
396 | 713 £ 42|36 £ 06|5681 £ 610f 37 %+ S 5 745 6 6014
Na3Citrate /0 76 eq H2S04 / ¢ + + p
1% NaOCl 397 1464 £ 27 30 + 2 |3412 £ 449[ 164 + 32 40 4l 738 33 37 4910
398 431 + 25] 30 £ 213002 + 303[197 + 35 42 706 40 4 811
Na2EDTA /083 ¢q NaOH / ¢
1% NaoOCl 399 | 245 £ 14] 51 £ 313514 £ 506] 127 + 11 70 68 712 27 29 4 676
400 1292 + 17| 52 + 3 2818 + 445/135 + 15 66 758 32 4027
DTPA /4 01 eq NaOH / 1%
5] 52 ;
NaOCl 401 265 4 15] 52 + 412026 £ 3031219 + 16 69 20 742 54 54 4036
402 | 230 £ 13| 48 + 312290 + 417}1259 * 37 7 672 55 4674
NTA/220eqNaOH /1%
4 259 + 15] 40 + 33859 + 624|205 + 14 63 627 5
NaOCl 03 62 35 36 75
404 280 + 16| 39 + 3 13284 + 588] 189 + 21 60 637 37 5012
NaHCO3/037eq HSO4 /1% 445 | 241 + 43| 24 £ 023580 + 657 a0 + 6| 3 763 10 3950
N.OCt 3 8
406 | 739 1 44123 +04|4670 £ 681 31 + 4 3 760 6 4953
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Appendix D Data for Batch Experniments at 80°C
pH Eh Grams Grams of | Grams
Expeniment of Lixiviant | of Laxiviant | of Liquid Extractam +| of
No Grams pH Eh (after (aficr | Associated | Grams| Aq Soln fextractany
Leaching Solution Sample | 94 RI'P |Grams of of of equnbration | equubration | with Wet | of dry | (to prevent | inlq
(Lixiviant) No (20 C) |of soil{ I ixivaant | Lixiviant | Lixiviant] wiath soil) | with soil) Soil soil cvip) | analyzed
EGTA /238 ¢q H2S04 /1%
8 7 64
NaOCl 407 #26 2501 2053 82 565 72 65 182 21 66 5
408 #26 250 | 2052 72 66 163 246 660 557
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Appendix D Data for Batch Expeniments at 80°(

v N Total

Avrpel  Touwl Average| Pu 239

Am 241 An 41 Pu 239 Pu 239 Am |Am 241 Pu i Soil

Leaching Solution Sample | m Dey Sl | inlqud | in Dry Soil in Liquid % Am |Runovud| Soit Used | % Pu |Removed| Used
(Lixiviant) No (pLygr) (pLi/g) {PpCi/g) (pCvg) |Removed] (%) | (pCvg) |Removed] (%) (pCi/g)

EGTA /238 cq H2S04 / 1%

NaOCl 407 | 258 + 15] 46 + 312,532 + 460|170 * 14 67 61 664 4] " 4033
408 1274 + 16| 50 + 3 [2882 + 484|237 t 27 67 721 46 4999
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EDTA System

% Am Removal as a Function of pH at 20° and 80°
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NTA System

% Am Rumoval as a Function of pH at 20° and 80°
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Appendix G

G1

% Removal as a Function of Lixiviant with all Redox Agents

Used at 20° and 80°

B e



D

WRIAIXI]

HoeNbe o
NN

HO®EN Do |
VIN VLAIZEN viod viua renIDgeN

tOJIEN

% Removal
o = S 8 = 3 3 3 3
1 ] 1 1 i 1 ] 1

\\\\\\\\\\\\\\\\ \\\\\\\\\ S

SO

w
N

E\\\_\\\\\\\\\_\_\\\\_} 3

€L

19

" \\\\\\\\\\\\\\\\‘g

9L

\\\\\\\\\\\\\\\\\\\ \\\\\\\\\\\\\\

9L

i\\\\\\\\\\\\m\\ 3

.....................................................

=)
-~

TS

g

\ \\\\\\\\\\\\\\\\\\\\\\\ma N
SIS\

N B e i e e )

L

SL

TTTITTT:
NN

08 ot P4
oz nd ]
08w 4

oowv M

JUag8y Suronpay e se pIoy 91qI0dSy Yum
JUBIATXI'T JO UOmdUN, ® S8 .08 pPue .07 18 NJ pue Wy JO [BAOWY 9

— o — -




€D

JRIATXI]

HoENbe | HHoeN bo 0 €001rEN
ABNIDEEN arenIHgeEN enIDEEN

Vd.L(l

VIATEEN

V.LN

% Removal

E
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ S
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

h\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

N \\\\\\\\\\\\\\\\\\\\\\\\W
T e

—
~J
W

\'\\\\\\\\\\\.\\\\\\‘\\\\\\\\\\\\\\\\\Wg

SIS
2 33

Juady Suronpay e se Yolglen yum
JUBIAIXIT JO UOTIOUN, B S8 )8 Pue .07 J8 NJ pue Wy Jo [eAOWay 9




v O
JUBIAIXT]

aenIJgeN

VIN V.IQ3N viod

£OJIFEN

vdid
!

% Removal

o > b3 B8 P 2 § =] ?:: b
. _ -,
___
e N a
N\_\\\\\\\\\\\\\\\\\\\\\W\\a
W%
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ NE

SAANNSS S\l
\\\\\ \\\\\\\\\\\\\\\\\\\\a
A

: NS8O

ey SwizipixQ ue se COTH %€ Ynm
JURTAIXIT] JO UONOUNY B SB ()] PuB (7 I8 Nd pue Wy JO [BAOWY 9%,

oy




SO
WRIAIXIT]

VIN V.l.GCl’C‘N viod vdld NBWDEEN

£ODIEN

% Removal

[ [ w L3 LA
(=] o (=] (=] (<] (=]
1 L i

&
1

-J
o

-3
(=4

AHHIMHIHITIEEIERIIRN

I TITNN

(5.
~1

jw
j

R \\\m‘

. e

19

R \\\\\\\\\\\\\\\\\\

95

A

i

L

L

COTOTOTOES
B~ O

a8y SurzipixQ ue se 8glgTeN yum
JUBIAIXI] JO UOTOUN B SB L8 PUe (07 18 N PUR WY JO [BAOUWIdY 9

}




99

WRIAIXIT]

wRIDEEN

vdld

103

>

VLJITeN

VLN

% Removal

— o (%) -]
o S S 8 = S 3 3
1 1 1 L ]

- 08

ig

I M ik

RN #

N
-~

IO,

oL

»

W
-

A NS

89

..................................

4
:O

7
é
7
7
é
é
7
%

sl P4
wznd [

0w []
oz wv [

Juady 3uIzipixQ ue se [DOBN %[ Uim
JUBIATXIT JO UOIOUN] B SB ()] pue .07 Je Nd pue Wy JO [EAOWY 9%,




H1

Appendix H Sample Calculations

[NOTE For the 80°C desorptions the solution analyzed for its radionuchide content
included 1 ml of an aqueous solution to prevent evaporation plus 5 ml of the leaching
solution (after the soil was leached) Thus was not done for the experiments at 20° in the
latter experiments 6 ml of the leachung solution after soil leachung were analyzed no extra

solution was added to the bottle sent for analysis ]
Let

D = Aliquot of soil leached g

E = Aliquot of leachung solution added to the soil g

L = Alquot of leachung solution (after the soil was leached) + aqueous solution (to
prevent evaporation) analyzed for its radionuchide content g

M = Ahquot of leachung solution (after the soil was leached) in hiquud analyzed g
Q = Radionuclide concentration 1n hquud analyzed pCi/g
N = Radionuchde concentration in dry sod analyzed pCi/g

J = Liqud assoaated with wet soil (which was dried and analyzed for its radionuchde
content after leaching) g

Rn = Radionuclide

% Rn d= amt of Rn 1n leaching soln
o RN IEMOVEd = 2mt of Rn in leaching soln + amt of Rn in leached so

1 X 100

pC1 of Rn in leachung solution (after soil leachung) = Q x E x (L/M)
| S )

X

dilution factor

pCiof Rninleachedsoll=N x D [Q x J x (L/M)]

J
\ this term takes mnto account the leaching

solution that remained behund 1n the soil

QxEx(L/M)
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For instance
7% Am Removed for Sample No 296 at 80° (leaching solution Na;EDTA second trial) =

45pCi/g x 1939g x (625¢ /525¢) x 100
45pCi/g x 1939g x(625g /525g) + 202pCi/gx252g [45pCi/gx 171 gx(625g/525g)]

_ 10388 pCi
= 14562 pcy X 100

= 71%

[NOTE For the 20° runs the calculation 1s exactly the same except that L =M and the
term L/M drops out of the equation ]
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